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GENERAL INTRODUCTION 


American Chemical Society Series of 


Scientific and Technologic Monographs 


By arrangement with the Interallied Conference of Pure and 
Apphed Chemistry, which met in London and Brussels in July, 
1919, the American Chemical Society was to undertake the pro- 
duction and publication of Scientific and Technologic Mono- 
graphs on chemical subjects. At the same time it was agreed 
that the National Research Council, in codperation with the 
American Chemical Society and the American Physical Society, 
should undertake the production and publication of Critical 
Tables of Chemical and Physical Constants. The American 
Chemical Society and the National Research Council mutually 
ugreed to care for these two fields of chemical development. 
The American Chemical Society named as Trustees, to make 
the necessary arrangements for the publication of the mono- 
graphs, Charles L. Parsons, Secretary of the American Chemical 
Society, Washington, D. C.; John E. Teeple, Treasurer of the 
American Chemical Society, New York City; and Professor 
Gellert Alleman of Swarthmore College. The Trustees have 
arranged for the publication of the American Chemical Society 
series of (a) Scientific and (b) Technologic Monographs by the 
Chemical Catalog Company of New York City. 

The Council, acting through the Committee on National Policy 
of the American Chemical Society, appointed the editors, named 
at the close of this introduction, to have ‘charge of securing 
authors, and of considering critically the manuscripts prepared. 
The editors of each series will endeavor to select topics which 
are of current interest and authors who are recognized as author- 
ities in their respective fields. The list of monographs thus far 
secured appears in the publisher’s own announcement elsewhere 


in this volume. 
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4 GENERAL INTRODUCTION 


The development of knowledge in all branches of science, and 
especially in chemistry, has been so rapid during the last fifty 
years and the fields covered by this development have been so 
varied that it is difficult for any individual to keep in touch with 
the progress in branches of science outside his own specialty. 
In spite of the facilities for the examination of the literature 
given by Chemical Abstracts and such compendia as Beilstein’s 
Handbuch der Organischen Chemie, Richter’s Lexikon, Ostwald’s 
Lehrbuch der Allgemeinen Chemie, Abegg’s and Gmelin-Kraut’s 
Handbuch der Anorganischen Chemie and the English and 
French Dictionaries of Chemistry, it often takes a great deal 
of time to codrdinate the knowledge available upon a single topic. 
Consequently when men who have spent years in the study of 
important subjects are willing to codrdinate their knowledge 
and present it in concise, readable form, they perform a service 
of the highest value to their fellow chemists. 

It was with a clear recognition of the usefulness of reviews of 
this character that a Committee of the American Chemical 
Society recommended the publication of the two series of mono- 
graphs under the auspices of the Society. 

Two rather distinct purposes are to be served by these mono- 
graphs. ‘The first purpose, whose fulfilment will probably render 
to chemists in general the most important service, is to present 
the knowledge available upon the chosen topic in a readable 
form, intelligible to those whose activities may be along a wholly 
different linc. Many chemists fail to realize how closely their 
investigations may be connected with other work which on the 
surface appears far afield from their own. These monographs 
will enable such men to form closer contact with the work of 
chemists in other lines of research. The second purpose is to 
promote research in the branch of science covered by the mono- 
graph, by furnishing a well digested survey of the progress 
already made in that field and by pointing out directions in 
which investigation needs to be extended. To facilitate the 
attainment of this purpose, it is intended to include extended 
references to the literature, which will enable anyone interested 
to follow up the subject in more detail. If the literature is so 
voluminous that a complete bibliography is impracticable, a 
critical sclection will be made of those papers which are most 
important. 
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The publication of these books marks a distinct departure in 
the policy of the American Chemical Society inasmuch as it is 
a serious attempt to found an American chemical literature with- 
out primary regard to commercial considerations. ‘The success 
of the venture will depend in large part upon the measure of 
cooperation which can be secured in the preparation of books 
dealing adequately with topics of general interest; it is earnestly 
hoped, therefore, that every member of the various organizations 
in the chemical and allied industries will recognize the impor- 
tance of the enterprise and take sufficient interest to justify it. 
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Preface. 


At the present time the field of organic arsenicals is probably the 
subject of more extensive chemical, biological and chemotherapeutic 
investigations than that of any other metal. This is dependent, in a 
large measure, upon the observations of the pioneers in this field, that 
carbon possesses a strong affinity for arsenic. As a result many satis- 
factory methods for the synthesis of organic arsenicals have been 
developed. The elaboration of these derivatives has also been greatly 
facilitated by the fact that it is often possible to isolate them in pure 
form—in many cases crystalline compounds are obtained. 

For several centuries prior to 1900 there existed conflicting ideas 
regarding the practical value of arsenic in medicine, but all doubt as to 
its therapeutic efficiency was finally dispelled with the demonstration 
of striking curative effects produced by organic arsenicals. Among the 
earliest observations made with this class of compounds were those of 
Thomas, Breinl and Kinghorn, who in 1905 noted that atoxyl exerted a 
favorable influence in experimental trypanosomiasis. This led to the 
extensive investigations of Ehrlich and his collaborators, which cul- 
minated in the elaboration of arsphenamine and directed the attention 
of the scientific world to the field of organic arsenicals. 

During the past ten years this branch of chemistry has developed 
at such a rate that treatises on the subject written only a few years 
ago seem now to be inadequate. The authors have felt for some time 
that a more modern book on arsenicals is necessary and, accordingly, 
we have written this monograph with the hope that it may serve to 
facilitate investigations in this field. It has been our aim to include 
practically every compound of this type reported in the literature up to 
date, and we have consulted almost all of the original articles and patents 
published in the English, German, French and Russian languages. With 
the exception of a few extremely important compounds and their inter- 
mediates, no detailed methods of preparation have been given because 
of lack of space. The list of references, however, in the back of the book 
was made as complete as possible in order to assist the investigator in 
finding details of the original work. The arsenicals without C — As link- 
age have not been treated as completely as the rest of the monograph 
because, strictly speaking, they do not lie within the scope of this work. 

In order to acquaint the chemist with the significance of the organic 
arsenicals in medicine a special chapter on the chemotherapy of these 
compounds has been included. This may also be of value to the biologist 
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as it represents an attempt to treat chemotherapy as a distinct branch of 
medical science, and to describe its aims and the modern methods em- 
ployed in chemotherapeutic investigations. ; 

The authors are indebted to Mr. William R. Winicoy, one of our 
associates at the Dermatological Research Laboratories, for his whole- 
hearted codperation and invaluable assistance both in the writing of this 
book and in its preparation for publication; to Dr. Jay F. Schamberg, 
Dr. John A. Kolmer, Dr. Alfred S. Burdick, and the Abbott Laboratories 
of Chicago for their encouragement and assistance; to Dr. Austin M. 
Patterson for his suggestions regarding the nomenclature, and to Mr. 
Barrett C. Fisher for his assistance in the reading of the proof. Finally, 
we desire to express our thanks to Mr. Asa Don Dickinson, librarian 
of the University of Pennsylvania, and to Mr. Alfred Rigling, librarian 
of the Franklin Institute of Philadelphia, for their kindness in granting 
us access to various journals in the above libraries. 


G..W. EB: 
JouliaGe 
Graduate School of Medicine, 
University of Pennsylvania, 
Philadelphia, Penna. 
June, 1923. 
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ORGANIC ARSENICAL 
COMPOUNDS 


Historical Sketch. 


Although the number of known organic arsenicals now extends into 
the thousands, they are all synthetic products, with the possible excep- 
tion of diethylarsine, which is claimed to be the gaseous product liberated 
by certain moulds from carpets or wall papers containing arsenical pig- 
ments.» * * 4 The first recorded observations of the production of an 
organic arsenic compound were made in 1760 by L. C. Cadet de 
Gassicourt,> who may be regarded as the father of this class of com- 
pounds. He distilled a mixture of equal parts by weight of arsenic 
trioxide and potassium acetate in a glass retort luted to a receiver of 
the same material, and obtained two liquids, one being volatile and 
exhibiting acidic properties, while the other less volatile product was a 
heavy, fuming liquid inflammable in the air and having an intensely 
disagreeable garlicky odor. The latter became known as “Cadet’s fum- 
ing arsenical liquid.” This experiment was repeated by de Morveau, 
Maret and Durande, who also separated the two liquids and confirmed 
Cadet’s observations regarding the heavier substance. The spontaneous 
inflammability of the latter they attributed to a new compound formed 
by the union of the arsenic trioxide and potassium acetate. These note- 
worthy observations, however, failed to arouse much interest among 
the other chemists of that time; they were satisfied with the knowledge 
that it contained arsenic, and that it was either poisonous or at least 
very irritating to the throat. 

It was not until 1804 that interest in Cadet’s fuming liquid was 
revived. After some experimentation Thénard® concluded that it was 
a complex arsenical acetate containing partially deoxidized arsenic tri- 
oxide. Subsequently such prominent chemists as Berzelius, Laurent, 
J. B. Dumas and Gerhardt studied the same compound and evolved 
various theories as to its constitution without being able to confirm their 
ideas with experimental evidence. In 1837 Bunsen’ began a systematic, 
quantitative study of Cadet’s liquid, which lasted for a period of six 
years. He applied the name “alkarsin” to the above liquid, and regarded 
it as a polymeric alcohol with the oxygen replaced by an equal number 
of arsenic atoms, corresponding to the formula As(CH;).. J. B. Dumas,$ 
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working along the same lines, also concluded that alkarsin was an 
oxygen-free compound of the composition C,H,,.As., and sought to 
explain its formation by the action of acetic acid upon hydrogen arsenide. 

After the appearance of Bunsen’s first article, Berzelius became 
interested in this compound. He regarded alkarsin as the oxide of a 
compound radical C,H,,As., which he named “kakodyl” on account of 
the disagreeable odor of its derivatives. Further light was thrown upon 
this subject when Bunsen ° repeated his first experiments—this time with 
a carefully purified sample—and found that it contained oxygen and 
corresponded to the formula C,H,,As.O. He later described and deter- 
mined the formulas of normal and basic cacodyl halides, the cyanide, 
sulfide, disulfide and selenide, double salts of cacodyl chloride and the 
halides of heavy metals, and similar compounds of cacodyl oxide.*® 

In 1842 Bunsen finally succeeded in isolating cacodyl by treating 
cacodyl chloride with zinc.1! This was an event of great importance, 
as it helped to clear up the composition of Cadet’s fuming liquid. It 
was, however, of even greater significance at that time, when numerous 
attempts were being made to isolate compound radicals supposed to be 
capable of existence in accordance with the theory of Berzelius. The 
following year 1? he published the results of his investigation of cacodylic 
acid, hitherto designated as “alkargen.” He ascribed to it the formula 
C,H,,As.0,, and described several of its salts as well as some of the 
metallic salts of thiocacodylic acid. It is interesting to note that Bunsen 
also examined the physiological action of cacodyl and its derivatives. 

The constitution of cacodyl now became the subject of considerable 
discussion. Frankland, who had discovered that zine reacted with alkyl 
halides to form zine dialkyls, regarded it as a compound of arsenic and 
the methyl radical. According to him its structure was analogous to 
that of arsenic disulfide, while cacodyl oxide and cacodyliec acid corre- 
sponded to arsenic trioxide and arsenic acid respectively.1* Kolbe con- 
sidered cacodyl as a coupled radical consisting of two equivalents of 
methyl and one of arsenic, and hence was closely related to zine and 
tin dialkyls.* It remained for Cahours and Riche '* to definitely estab- 
lish the correct constitution of cacodyl, which they obtained together 
with trimethylarsine and tetramethylarsonium iodide by the interaction 
of methyl iodide and sodium arsenide. They also showed that cacodyl 
reacts with alkyl halides according to the equation: 


(CH;)2As — As(CH;)2 + 2RX ——» (CH,).R,AsX + (CH;).AsX, 
and that upon heating arsenic with alkyl iodides there are obtained 
double salts of. tetraalkyl arsonium iodides and arsenic triiodide, e. g., 

2As + 4CH,I —— (CH,),AsI.Asl,. 


The interest. aroused in Cadet’s liquid led other investigators to 
experiment along the same line by replacing potassium acetate with 
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salts of the higher homologous acids. Accordingly, in 1848 Wohler % 
obtained inconclusive results on distilling equal parts by weight of 
arsenic trioxide and potassium butyrate, while five years later appeared 
the observations noted by Gibbs * on distilling white arsenic and potas- 
sium valerate. In 1854 Landolt '* synthesized ethyl cacodyl by Cahours 
and Riche’s method, employing ethyl iodide. He also prepared tri- 
‘ethylarsine and ethyleacodylic acid, and showed that these ethyl deriva- 
tives corresponded with the cacodyl compounds in almost every respect. 

The next important advance in the field of organic arsenicals was 
made by Baeyer.1® In 1858 he distilled Cadet’s liquid with concen- 
trated hydrochloric acid and mercuric chloride, and obtained pure cacody! 
chloride, which upon distillation with potassium hydroxide yielded pure 
cacodyl oxide. He also showed that cacodyl chloride was unsaturated 
by combining it with chlorine to form a trichloride which was identical 
with the compound prepared by Baeyer from cacodylic acid and phos- 
phorus pentachloride. He further observed that the trichloride may be 
converted into cacodylic acid by hydrolysis; that warming at a moderate 
temperature decomposes it into methyl chloride and methyldichloro- 
arsine, and that the latter can be employed as the starting material in 
the preparation of other arsenicals, such as methylarsinetetrachloride, 
methyldiiodoarsine, methylarsinesulfide and methylarsonic acid. 

In 1859 Cahours *° found that by heating alkyl iodides with zine or 
cadmium arsenite, it was possible to obtain double salts of the arsonium 
iodide and the metallic iodide, e. g., (CH;),AsI.ZnI, or Cdl, from 
which the quaternary iodide could be isolated by treatment with aqueous 
caustic potash. He showed that this was a general method of preparing 
quaternary compounds, and that the latter could be converted into 
tertiary arsenicals by distillation either alone or over solid caustic potash. 
In addition, Cahours prepared tetramethyl- and tetraethylarsonium tri- 
iodides, compounds similar to the corresponding ammonium triodides 
previously obtained by Weltzien. The arsonium triiodides, he found, 
could be decomposed by distillation into an alkyl iodide and a dialkyl 
iodoarsine; the latter, upon heating with iodine, could then be converted 
into the corresponding alkyl diiodoarsine, and this in turn into arsenic 
triiodide. He thus clearly showed the simple relationship existing among 
the four series of organic arsenicals: 


RAsI,, RoAsI, R,As, R,Asl. 


In 1861 Hofmann?! prepared an interesting compound, triethyl-o- 
bromoethylarsonium bromide, from which he obtained triethylvinylar- 
sonium hydroxide and double salts of the corresponding chloride with 
platinic and gold chlorides. These were the first arsenicals to be pre- 
pared which contained an unsaturated radical. The same investigator 
also prepared diarsonium compounds,” e. g., 
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Br Br 
(C.H;),AsCH,.CH,.NH;, and _phos- 
arsammonium salts,2> e. g., | | 
Br Br 
(C,H,;) ,AsCH,.CH,P (C2Hs) s. 
pharsonium compounds,” e. g., | 
Br Br 

The next year Cahours”* synthesized pentamethylarsine, the only 
arsenical ever prepared in which five alkyl or aryl radicals are attached 
to a single arsenic atom. 

The investigations of Hofmann and Cahours mark the end of the 
first epoch in the history of organic arsenicals, during which time the 
pioneers in this field had dealt solely with aliphatic compounds. The 
distinction of preparing (though unknowingly) the first aromatic com- 
pound of arsenic belongs to Béchamp.?® In 1860, while studying the 
conditions under which magenta is produced from aniline, he noted that 
aniline arsenate when heated with an excess of aniline did not yield: 
colored products until a temperature of 190-200° had been reached. 
Three years later he described a colorless product which he had obtained 
by heating aniline arsenate under the above conditions.*’ He regarded 
this new substance as an acidic anilide of the formula C,,H,O,AsN; pre- 
pared its sodium, potassium, silver and barium salts, and concluded that 
it was a monobasic acid. Nothing further was said about this compound 
for the next forty years. 

In 1875 Michaelis ** began his investigation of aromatic arsenicals, 
which ultimately resulted in the synthesis of a large number of these 
compounds, embracing almost every type known at the present time. 
The first compound in this series was phenyldichloroarsine, which he 
obtained by heating mercury diphenyl and arsenic trichloride in a sealed 
tube, the reaction proceeding according to the equation; 


Hg (C,H,)2 + 2AsCl, —> 20,H,AsCl, + HeCh. 


This method was generalized so that it became possible to obtain a series 
of aryl dihalogenated arsines. From the above dichloroarsine he then 
prepared the first pentavalent aromatic arsenical, phenylarsinetetra- 
chloride.*° 

LaCoste *° in 1881 noted that the methyl group of 4-methylphenyl- 
arsonic acid could be oxidized to a carboxyl by means of potassium 
permanganate in alkaline solution, forming a carboxyphenylarsonic 
(benzarsonic) acid. In the same year Michaelis and Schulte *' prepared 
the first arseno.compound, arsenobenzene, by reducing phenylarsine- 
oxide with phosphorous acid in alcoholic solution. The following year 
they prepared the same compound by similarly reducing the correspond- 
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ing arsonic acid. This discovery was destined to be of the utmost 
importance to the domain of chemotherapy, as it was Ehrlich’s observa- 
tion of the trypanocidal and spirillicidal action of arseno compounds, 
that led to the elaboration of the remarkable drugs, arsphenamine and 
neoarsphenamine. 

An important method of preparing tertiary aromatic arsines was 
developed by Michaelis and Reese * in 1882. It consists in treating 
a mixture of an aryl halide and arsenic trihalide with metallic sodium 
in the presence of a suitable anhydrous medium: 


3RX + AsX, + 3Na, —— R,As + 6NaX. 


pin 1883, Meyer ** developed a very interesting method of preparing 
primary aliphatic arsonic acids from sodium arsenite and alkyl] iodides, 
the reaction proceeding according to either of the following equations: 


ONa 
ONa 7 ONa f/ O 
As—ONa-+ RI ——> As — Q!Na’ —— RAs—ONa-+ Nal 
Nona QR Nona 
or 
ONa O O 
A Wh 
As — ONa — > NaAs— ONa + RI —— RAs — ONa }+ Nal. 
\ ONa BS ONa \ ONa 


This method, known as “Meyer’s Reaction,” was modified by Klinger 
and Kreutz *4 in 1889, and extended by Dehn * in 1905. 

Up to 1894 the belief existed that arsenic, unlike nitrogen and phos- 
phorus, could not form primary or secondary alkyl or aryl arsines. 
This theory was partially disproved when Palmer *° succeeded in obtain- 
ing dimethylarsine from cacodyl chloride by reduction with platinized 
zine and hydrochloric acid, and completely broken down seven years 
later when the same investigator, in collaboration with Dehn, prepared 
methyl- and phenylarsines.** 

Partheil and Amort ** obtained in 1898-9 a series of double salts of 
“hexaalkyldiarsonium” iodides and mercuric iodide by heating alkyl 
iodides with mercuric arsenide in a sealed tube. Mannheim repeated 
these experiments in 1905, and showed that the above compounds were 
in fact double salts of tetraalkylarsonium iodides and mercuric iodide.*® 

In 1902 there appeared two important articles by Michaelis #? which, 
in addition to the description of a large number of arsenicals, con- 
tained a new general method for the preparation of primary dihalo- 
genated arsines by heating tertiary arsines with arsenic trichloride in a 
sealed tube. Among the new compounds contained in these articles 
were naphthalene derivatives and tri(sulfophenyl)arsine oxide. The 
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latter was the only sulfonated arsenical prepared up to 1922, when Hill 
and Balls‘! isolated a sulfonaphthylarsonic acid. 

In 1905 Dehn investigated Meyer’s reaction for the preparation of 
alkyl arsonic acids, and found that better yields could be obtained by 
employing potassium arsenite instead of the sodium salt, and that alkyl 
iodides were better suited for this reaction than the bromides.** In the 
same paper he described ethylarsine and also various arsonium com- 
pounds prepared from ethyl- and phenylarsines and alkyl iodides accord- 
ing to the equation: 


RAsH, + 3R’/I ——> RR’,AsI + 2HI. 


The following year Dehn and Wilcox prepared the only known sec- 
ondary aromatic arsine, diphenylarsine.** In the same year Dehn and 
McGrath ** extended Meyer’s reaction to the preparation of various 
other aliphatic arsonic acids, and also described the most favorable con- 
ditions for obtaining the best yields. 

About this time the initial researches in the field of chemotherapy 
were begun. In 1903 Laveran found that although arsenious acid kills 
trypanosomes in the test-tube, it is incapable of destroying them in the 
animal body. In the same year Ehrlich, who together with Shiga had 
been conducting extensive investigations in the chemotherapy of trypa- 
nosome infections, undertook the study of atoxyl and observed that it 
did not exhibit any parasiticidal activity. In 1905, however, Thomas,*® 
and in the following year Breinl and Kinghorn,*® published papers in 
which they presented positive evidence that atoxyl has a therapeutic 
effect in experimental trypanosomiasis. Their results encouraged Ehrlich 
to such an extent that he again undertook the study of this compound, 
and also made plans for the preparation of new derivatives which might 
have a greater therapeutic effect and a lower toxicity. His initial diffi- 
culties were caused by the incorrect explanation of the constitution of 
atoxyl. As we have already seen, Béchamp had regarded his colorless 
product obtained from aniline and arsenic acid as an anilide of ortho 
arsenic acid whose structure, according to our modern notation, would 

O 
correspond to the formula Cy,H;{| NHAs—OH ]. Since atoxyl was 
\ OH 
regarded as the monosodium salt of the above compound containing 
two molecules of water of crystallization, the possibility of producing 
new derivatives through the amino group seemed very remote. In 
addition, it was presumed that on account of the N-As linkage the 
arsenic acid radical would be easily split off by the usual hydrolyzing 
agents. Great was the surprise, therefore, when Ehrlich found that on 
treating atoxyl with nitrous acid there was obtained a substance which 
behaved like a diazo-compound and could be coupled with the usual 
azo components to form yellow, red or orange dyestuffs containing 
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arsenic. These reactions could not be reconciled with the accepted 
formula of atoxyl, which he and Bertheim soon proved to be incorrect, 
the true structure of the compound corresponding to a monosodium salt 
of para aminophenylarsonic acid. The free acid they named “arsanilic 
acid” on account of the similarity between its method of preparation 
and that of sulfanilic acid. 

The recognition of the correct constitution of atoxyl proved to be 
of the utmost importance to chemotherapy, as it opened a wide field 
for chemical and biological investigation. Thus, by attacking the amino 
group, a large number of new compounds were prepared, among the first 
of which was 4-acetylaminophenylarsonic acid isolated by Ehrlich. Its 
sodium salt (“arsacetin”) was superior to atoxyl in therapeutic value, 
but despite the occasional cures obtained with it in mice infected with 
trypanosomes, the results were not satisfactory, because of the uncer- 
tainty of its after-effects upon the animal. As both atoxyl and arsacetin 
exhibited no trypanocidal properties in the test-tube but exerted a thera- 
peutic action when injected into the body, Ehrlich concluded that the 
drugs must undergo some change before they can effectively act upon 
the parasites. Now, in previous investigations, particularly on the 
“oxygen requirements of the body,” Ehrlich had found that many tissues 
act as reducing substances. This prompted him to assume that penta- 
valent arsenicals, such as atoxyl and arsacetin, probably undergo reduc- 
tion in the animal body before acting upon the trypanosomes. Accord- 
ingly, he reduced the arsonic acids to arseno compounds by means of 
suitable reducing agents, e. g., sodium hydrosulfite, and observed that 
the products were stronger trypanocidal agents. Among the first of 
these was arsenophenylglycine, a single injection of which was sufficient 
to sterilize experimental animals. At this time Ehrlich, in an address 
before the “Deutsche Chemische Gesellschaft,” remarked that even if 
arsenophenylglycine, which had thus far exhibited the best results in 
animal experimentation, should not fulfill his expectations in human 
therapy, the way was clearly indicated—the reduction of the arsenical 
should not be left to the human body, but should be accomplished in the 
test-tube. By introducing suitable groups into the aromatic nucleus he 
hoped to diminish the toxicity of the arsenicals, from which number he 
would select those possessing the maximum affinity for the arsenic 
receptors. Accordingly, a series of new arsenicals were prepared and 
tested out upon experimental animals, among which were a number of 
amino arsonic acids, N-acylated derivatives of the same, di(4-amino- 
phenyl)arsinic acid, hydroxy arsonic acids, 4-aminophenylarsineoxide 
and arseno compounds. ‘The latter were found to possess the undesirable 
property of rapidly oxidizing in the air to form toxic compounds. 

The problem was finally solved by utilizing the results obtained in 
other fields of research. While engaged in chemotherapeutic studies of 
azo dyestuffs, Ehrlich noted that compounds containing the hydroxyl 
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and amino groups in ortho position to each other were the most active 
in destroying trypanosomes. He applied this to the arsenicals, and with 
the assistance of his collaborators prepared among other products 
4-oxalylaminophenylarsonic acid, 3-nitro-4-oxalylaminophenylarsonic 
acid, 3-nitro-4-aminophenylarsonic acid and 3-nitro-4-hydroxypheny]- 
arsonic acid. By reducing the latter with sodium hydrosulfite they 
finally obtained 3,3’-diamino-4,4’-dihydroxyarsenobenzene and its dihy- 
drochloride, which proved to be the best medicament in the treatment of 
syphilis. It was first known as “606” on account of the fact that 605 
other preparations were made before its discoverers finally elaborated 
this most efficacious drug, which was marketed under the trade name 
“Salvarsan.” Later a similar product was manufactured in England and 
named “Kharsivan’”; also by the French who called it ‘““Arsenobenzol,” 
while in the United States the name “Arsphenamine” was adopted. The 
results obtained with this new drug exceeded all expectations, for not 
only trypanosomes, but also spirille and spirochetes were removed from 
the blood of the infected animals in a remarkably short time. Subse- 
quent therapeutic investigations in syphilis, framboesia, recurrent fever, 
etc., proved it to be the most valuable remedy yet produced for treat- 
ing these diseases. 

The work of Ehrlich and his co-workers did not terminate with the 
elaboration of arsphenamine—they continued their search for still more 
effective remedies. As a result, numerous derivatives of arsphenamine 
were prepared and investigated biologically, the most important of which 
was ‘“Neosalvarsan,” a product very easily soluble in water with a 
neutral reaction, and prepared from 3,3’-diamino-4,4’-dihydroxyarseno- 
benzene and sodium formaldehydesulfoxylate. Although this substance 
is not quite as therapeutically effective as arsphenamine, it has a lower 
toxicity and is tolerated much better by patients. The use of neoars- 
phenamine has been increasing continually, so that to-day it is the most 
widely employed arsenical in the treatment of syphilis. 

The same investigators prepared various polyamino arseno com- 
pounds and several isomers of arsphenamine, which did not compare 
with the latter as a therapeutic agent. They also noted that the arseno 
compounds can be further reduced to arsines, compounds so easily 
oxidizable that they cannot find practical application in therapy, but are 
quite valuable in various syntheses. Thus, they react with arsineoxides 
to yield arseno compounds: 


RAsH, + R’AsO ——- RAs= AsR’ + H.O. 


If R and R’ are different radicals, the resulting products are unsym- 
metrical arseno compounds. The latter were also produced by the same. 
investigators upon reducing a mixture of two different arsonic acids: 


RAsO;H, -++ R’AsO,H, + 4H, ——> RAs = AsR’ + 6H.O; 
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or by the interaction of two different symmetrical arseno compounds: 
RAs = AsR + R’As= AsR’ —-— 2RAs = AsR’. 


They also showed that the arsines could be condensed with aryl 
dihalogenated stibines or with bismuth trihalide to form arseno-stibino 
and arseno-bismuth compounds respectively: 


RAsH, + R’SbCl, ——> RAs = SbR’ + 2HCl 
bre + BiCl —— RAs=BiCl-+ 2HCl 


2RAs = BiCl 4 RAsH, —> RAs < 31> 82 | oH 


Finally, Ehrlich and his collaborators prepared various metallic codrdi- 
nation products of arseno compounds containing either one or two 
molecules of the metal, but the exact composition of these substances 
has not yet been definitely established. According to the followers of 
Ehrlich the metal attaches itself to the arsenic, the compounds corre- 
RAs...Me]X 
sponding to the formula | , where M = the metallic element 
RAs...Me]X 
and X the acid radical. On the other hand, Binz and his collaborators 
claim that arseno compounds containing no amino groups are unable to 
form coérdination products with metallic salts, and that the metal must 
therefore be attached to the nitrogen. Thus, the substance obtained 
from arsphenamine and silver nitrate would be represented by the 
AsC,H,; (OH) (NH,.AgCl) 
formula || . This discussion has recently as- 
AsC,H,; (OH) (NH,.AgCl) 
sumed considerable importance on account of the appearance on the 
market of a new drug, silver arsphenamine, but no definite conclusions 
have thus far been reached. 

Bertheim was not only the co-author of most of the papers published 
by Ehrlich on chemical subjects, but he also published a number of 
papers under his own name and in collaboration with others. In 1908 
he described the preparation of an isomer of p-arsanilic acid by reducing 
Michaelis’ nitrophenylarsonic acid, but he did not know whether the 
new acid was an ortho or a meta compound.*’ In the same year he 
obtained phenylarsonic acid, 4-hydroxy-, ethoxy-, chloro- and carboxy- 
phenylarsonic acids from p-arsanilic acid by diazotizing and treating as 
in the case of non-arsenated aromatic amines.** In 1910 he prepared 
various nuclear halogenated derivatives of p-arsanilic acid; *® in 1911 he 
described various derivatives of 4-aminophenylarsineoxide,®® 4-oxalyl- 
aminophenylarsonic acid, 3-nitro-4-aminophenylarsonic acid, 3,4-di- 
aminophenylarsonic acid and various derivatives of the latter, and, 
together with Benda,®? demonstrated that in Michaelis’ nitrophenyl- 
arsonic acid the nitro group was in the meta position to the arsenic. 
In the following year appeared the account of his further studies on 
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3-amino-4-hydroxyphenylarsonic acid; in which were described com- 
pounds containing one, two and three methyl groups attached to the 
nitrogen, and their corresponding arseno derivatives.** In his next 
article on arsenicals, which appeared in 1914, he described his discovery 
that upon heating an arseno compound with methyl iodide in a sealed 
tube the following reaction takes place: 


RAs = AsR + 38CH,I —— R(CH;);AsI + RAsI..** 


In the succeeding year his last article was published posthumously.** It 
deals with the extension of Meyer’s reaction to the preparation of ali- 
phatic-aromatic arsinic acids by treatmg an aryl arsineoxide with an 
alkyl iodide in alkaline solution: 


RAsO + R’X + NaOH — > RR’AsO.OH + NaX (R=an aryl and 
R’ an alkyl radical). 


Benda, one of the later collaborators of Ehrlich, prepared in 1908 a 
number of amino ary! arsonic acids and their derivatives by Béchamp’s 
method. In these investigations he was assisted by Kahn.°® In the 
same year he described for the first time di(4-aminopheny]) arsinic acid, 
di(3-methyl-4-aminophenyl)arsinic acid, their acetyl derivatives, di(4- 
hydroxyphenyl)arsinic acid and_ di(3-methyl-4-aminopheny]) arsinic 
acid.°7 In the following year he succeeded in obtaining amino aryl 
arsonic acids in which the amino group is ortho to the arsenic by heating 
para substituted amines with arsenic acid.°* In 1911 he described 
2,5-diaminophenylarsonic acid and showed that it could be converted 
into m-arsanilic acid.®® In the same year he prepared for the first time 
o-arsanilic acid and several of its derivatives; °° obtained 3-nitro-4- 
hydroxyphenylarsonic acid from 3-nitro-4-aminophenylarsonie acid by 
heating with caustic potash,*! and described the conversion of 3-nitro- 
4-aminophenylarsonic acid into 4-amino-3-hydroxyphenylarsoniec acid, 
from which he obtained an isomer of arsphenamine, 4,4’-diamino-3,3’- 
dihydroxyarsenobenzene.” In 1912 he showed that upon nitrating 
p-arsanilic acid under the proper conditions there results a 3,5-dinitro 
derivative whose amino group may be replaced by a hydroxyl on warm- 
ing with aqueous caustic potash.°? Two years later he described the 
first methoxy amino aryl arsonic acid, 3-methoxy-4-aminophenylarsonic 
acid, and various derivatives of the same,** also the preparation of 
3,4,5-triaminophenylarsonic acid by reducing 3,5-dinitro-p-arsanilic 
acid.®> Finally, in 1917 he prepared for the first time a number of 
arsenical derivatives of anthraquinone.®® 

The first publication on arsenicals by Karrer, another disciple of 
Ehrlich, appeared in 1912, and contains a description of 4-nitrosopheny]- 
arsonic acid.** The following year he described diazimidophenylarsonic 
acid, its various nuclear substituted derivatives, 3,4-dinitrosopheny]- 
arsonic acid and several phenazine dyes containing arsenic.®® In the 
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same year he showed that 3-nitro-4-hydroxyphenylarsonic acid can be 
prepared from 3-nitro-4-dimethylaminophenylarsonic acid by heating 
with concentrated aqueous caustic soda.*® In 1914 he was the first to 
describe 4-iodochloride-, iodoso- and iodoxyphenylarsonic acids,” and the 
method of converting 3,5-dichloro-4-aminophenylarsonic acid into 
3,5-dichlorophenylarsonic acid, 3,5-dichloro-4-iodophenylarsonic acid, 
3,5-dichloro-4-diazimidophenylarsonic acid and 5,5’-dichloro-4,4’- 
diamino-3,3’-dihydroxyarsenobenzene.*! He observed an interesting phe- 
nomenon in connection with 2-nitrophenyldichloroarsine, namely, that 
when its solution in hydrous ether is preserved in a sealed tube exposed 
to direct sunlight it seems to change successively into 2-nitrophenyl- 
arsineoxide, 2-nitrosophenylarsinedioxide and 2-nitrophenylarsonic acid.” 
He also claimed that arsenicals containing two amino groups in meta 
position to each other dissolve in soda or sodium bicarbonate in the 
presence of free carbon dioxide, forming carbamino derivatives.”* In 
the following year appeared his important article dealing with stilbene 
arsenicals,’* and also one in which are described various carboxylated 
arsenicals, whose carboxy groups are in ortho position to the arsenic.” 
Later in the same year, in conjunction with Ehrlich, he published an 
article on the constitution of the arseno-metallic codrdination products, 
in which was expressed the view that the metal is attached to the 
arsenic.*® In 1916 he described a third method of preparing unsym- 
metrical arseno compounds by the interaction of two different sym- 
metrical arseno derivatives.”* Finally, in 1919 appeared his most recent 
article on arsenicals,’* in which he offers further evidence in confirmation 
of his original view as to the constitution of the metallic codrdination 
products of arseno compounds. 

Following the elucidation of the chemical constitution of atoxyl, 
Pyman and Reynolds in 1908 prepared other amino aryl arsonic and 
arsinic acids by the Béchamp reaction.’® In the same year Barroweliff, 
Pyman and Remfry converted the above amino compounds into hydroxy 
derivatives by diazotizing and subsequently proceeding in the usual 
manner; they coupled the diazo compounds with various phenolic and 
amino compounds; and also prepared phenazine diarsonic acids by treat- 
ing a dilute sulfuric acid solution of an amino aryl arsonic acid with 
ammonium persulfate.*” In the same year Dehn *! published the results 
of his further study of organic arsines. This article contained the first 
descriptions of diisoamylarsine, benzylarsine, diisoamyldimethylcacodyl 
and also several new aliphatic arsonium compounds which he obtained 
from secondary arsines and alkyl iodides: 


R.AsH + 2R’I ——> R,R’,AsI + HI 
At this time Michaelis developed a very satisfactory method of pre- 


paring 4-dimethylaminophenylarsonic acid from the corresponding arsine- 
oxide by oxidation with hydrogen peroxide in alkaline solution.** This 
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method was subsequently generalized. In 1908 Morgan and Mickle- 
thwait prepared dicamphorylarsinic acid and its oxychloride,** and the 
next year they isolated tricamphorylarsine dihydroxide.** At the same 
time Mameli found that o-nitroaniline could be arsenated directly by 
the Béchamp reaction.*® 

A very valuable general method for synthesizing aromatic arsonic 
and arsinic acids was developed by Bart in 1912.8° The arsonic acids 
are obtained by diazotizing an amine, coupling with sodium arsenite, and 
warming until the nitrogen is completely removed: 


f/ O 
RN = NX + Na,AsO, ——~ RAs—ONa-+ NaX + N.. 
- ONa 


If, however, the diazo compound is coupled with an aryl! arsenite, the 
product is a diary! arsinic acid: 


ONa O 
Serr a + NaX + N;. 


RN = NX + R’As ¢ 
ONa ONa 


This procedure, known as “Bart’s Reaction,” has been found very efficient 
in preparing new arsenicals, and has facilitated the preparation of many 
compounds already known. The method was later modified by Bart, 
who at first discovered that the alkaline medium can be dispensed with 
if copper salts are present,** and then subsequently obtained still better 
results with various metallic catalysts in alkaline solution.*§ In 1919 
Mouneyrat modified Bart’s method of synthesizing arsonic acids by caus- 
ing normal diazo compounds to react with cold or warm, aqueous or 
dilute alcoholic solutions of arsenious acid in an acid, alkaline or neutral 
medium, and in the presence of special catalysts depending upon the 
particular medium selected.*? The following year H. Schmidt °° claimed 
that Bart’s reaction proceeded most smoothly on treating normal diazo 
compounds with potassium arsenite in neutral or slightly acid medium 
without the aid of a catalyst. 

Fourneau and Oechslin in 1912 prepared the stovaine and several. 
interesting alkaloid esters of p-benzarsonic acid as well as their corre- 
sponding arseno derivatives.®! In the same year Winmill attempted to 
resolve several arsonium compounds containing asymmetric arsenic 
atoms into optically active components, but obtained no striking results.®? 

In 1913 Friinkel and Lowy succeeded in preparing quinaldinearsonic 
acid by condensing p-arsanilie acid with acetaldehyde. They also 
described the corresponding arsineoxide.** About the same time Michaelis 
and Schafer determined the molecular weights of arsenobenzene and 
p-arsenotoluene, and found them to correspond with the formulas 
C.H;As = AsC,H, and C,;,H,;As = AsC;H, respectively, thereby further 
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demonstrating the structural similarity between arseno and azo com- 
pounds.** In the same year Danysz® observed that by employing a 
combination of arsphenamine and silver nitrate in the treatment of 
experimental trypanosomiasis, better therapeutic results can be obtained 
than with arsphenamine alone. In the following year he described three 
new compounds, prepared by combining arsphenamine with silver chlo- 
ride, bromide and iodide,** and finally a triple combination of arsphen- 
amine, silver bromide and trivalent antimony, which was introduced into 
therapy under the name of “Luargol.” * In 1914 E. Fischer announced 
that the higher fatty acids of the acetylene series, e. g., behenolic or stear- 
olic acid, when heated with arsenic trihalides, combine to form acid com- 
pounds containing arsenic. The best known of these is chloroarsinoso- 
behenolic acid, whose strontium salt has been introduced into therapy 
under the name of “Elarson.” ** In the same year K. Oechslin prepared 


arsonic acids of the type H.0,AsRN < ae COOR” 


alkylglycine esters with arsenic trichloride in the presence of pyridine, 
and oxidizing with hydrogen peroxide. The corresponding arsinic acids 
are also formed at the same time. He also saponified the above arsonic 
acid esters and reduced the resulting acids to arseno derivatives. By 
applying this method to monoalkylated aryl amines he obtained alkylated 
amino arsonic and the corresponding arsinic acids.°® 

A valuable method of synthesizing dihalogenated arsines was devel- 
oped by Roeder and Blasi?’ in 1914. It depends upon the treatment of 
arsenic trihalides with a mercurihalide of the type RHgX, where R 
represents an aliphatic, aromatic or heterocyclic radical, the reaction 
proceeding according to the equation: 


RHgX + AsX, ——> RAsX, + HeX,. 


by heating N-pheny]- 


If the aromatic or heterocyclic mercurihalide contains groups capable 
of reacting with the arsenic trihalide, e. g., COOH, OH, NHz, etc., they 
must first be protected by alkylation, as otherwise the haloid acid formed 
will split off the mercury. 

In 1915 Finzi? prepared the first arsenical derivatives of thiophene 
by reacting arsenic trichloride with mercurydithienyl, or better with 
thienylmercurichloride, and oxidizing the resulting thiophene-2-dichloro- 
arsine to the corresponding arsonic acid by means of hydrogen peroxide 
in alkaline solution. He also isolated the corresponding arsineoxide and 
2,2’-dithienylarsinic acid. In collaboration with Furlotti*’? he also 
prepared 5-nitrothienyl-2-arsonic acid, the corresponding amino and 
acetylamino derivatives, and di(5-nitrothienyl)arsinic acid. At this 
time Griittner and Wiernik 1°? described two methods of preparing aryl- 
eyclopentamethylene arsines, the reactions proceeding according to the 
equations: ; 
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CH CHyviebr 
CH,.CH,.MgBr 


CHa ae re > AsC.H, + MgCl. + MgBr,, 


(Gls bees a ae AsC,H; ——> 


and 


(Cine ane eee +. 4Na + Gi Sie: pes 


(CH.); = AsC.H; + 2NaCl + 2NaBr. 


The same investigators also described several derivatives of the above 
arsines containing pentavalent arsenic. In the following year Griittner 
and Krause !°* obtained phenylcyclotetramethylenearsine and derivatives 
similar to those described under the pentamethylene compounds. 

In 1915 appeared an article by Michaelis in which were described 
o- and p-arsenobenzoie acids.1°° This publication marked the conclusion 
of Michaelis’ investigations in the field of organic arsenicals. He was 
the first deliberately to prepare aromatic arsenicals, of which he pre- 
pared a greater number than any other investigator up to the present 
time. Some of his methods of synthesis are still being used. As a 
result of his personal investigations and those in collaboration with his 
assistants, the chemistry of the aromatic arsenicals was placed on a firm 
foundation, and the way cleared for future triumphs in the new science, 
chemotherapy. 

In 1916 Sieburg '°° described several higher aliphatic esters of 4-arsin- 
oxybenzoic acid, arsinoxy compounds derived from 4-dichloroarsino- 
benzoyl chloride and various aliphatic and aromatic amino acids in 
alkaline solution, their corresponding arsonic acids and arseno deriva- 
tives. In the same year Zappi described methyleyclopentamethylene- 
arsine (Methylarsepidine) and some of its derivatives.1°7 

Steinkopf and Bauermeister in 1917 described a method of separating 
thieny1-2-dichloroarsine, 2,2’-dithienylchloroarsine and 2,2’,2’-trithienyl- 
arsine from the mixture obtained by reacting arsenic trichloride with 
mercurydithienyl or thiophenemercurihalide.°’ In 1920 Steinkopf in 
collaboration with Mieg*°* first prepared isoamyldichloroarsine, phenyl- 
methylchloroarsine and ethylarsineoxide; obtained a-naphthyldichloro- 
arsine and cacodyl chloride in pure form, and described the first thio- 
cyanoarsines, the cacodyl- and diphenyl derivatives. In the following 
year, Steinkopf with various collaborators published five additional arti- 
cles dealing with arsenicals. With Miller +? he prepared triethylarsine 
cyanobromide by condensing triethylarsine and cyanogen bromide in 
the complete absence of moisture, which readily converts the addition 
product into triethylarsine hydroxybromide. He noted that in the above 
arsine cyanobromide the negative CNBr group has a greater affinity 
for arsenic than for the nitrogen of the corresponding amine derivative. 
He also prepared a similar cyanobromide with phenylcyclopenta- 


HISTORICAL SKETCH 31 


methylenearsine.""* With the codperation of Schwen' he explained 
the simultaneous formation of arsonium iodides and triiodides by the 
interaction of aromatic arseno compounds and methyl iodide in the 
following manner: 


RAs=AsR Set, p_as—asn Sl, B As—As< cry 
wa 3 3 
CH, oi ou 


——— 2RCH,AsI ————> 2R(CH,),Asl, ; 
2R(CH;),AsI; + RAs = AsR —— R(CH,),AsI + 2RAsI.; 


showed that a similar reaction occurs between cacodyl and an excess of 
methyl! iodide: 


(OH ean ACH, tls 


— 


(CH,),As—- As(CH;)2 


ik thst, 
3CH,I 
(CH;),AsI + (CH,),As ———> (CH,),AsI, + (CH,;),.AsI; 
that secondary iodo arsines and methyl] iodide combine to form arsonium 
triiodides: 
R.AsI + 2CH,I —— R.(CH,).AslI,; 


and that secondary chloro-, bromo- or cyanoarsines yield with methyl 
iodide a mixture of an arsonium monoiodide and triiodide, while cacodyl 
bromide and methyl! bromide interact to form trimethylarsine dibromide: 


(CH;),AsBr + CH,Br —— (CH;);AsBry. 


The same authors obtained tetramethylarsonium iodide and_phenyl- 
diiodoarsine from tetramethylarsonium triiodide and symm. diphenyldi- 
iododiarsine: 


Oe ie Ag + (CH,).Asl, ——» (CH,):Acl + 2C,H,Asl,, 
and also diphenyldimethylarsonium enneaiodide, (CgH;).(CH;)2AslI. ly, 
from the corresponding triiodide and iodine in a saturated alcoholic iodine 
solution. In subsequent articles these two investigators described sev- 
eral new tertiary aliphatic-aromatic arsine cyanobromides, hydroxy 
halides and picrates;1!* the results of their studies on the pyrogenic 
decomposition of tertiary aliphatic-aromatic arsine hydroxybromides,'™* 
and also several addition products of iodoform and arsonium halides. 
The most recent work of Steinkopf, in collaboration with Donat and 
Jaeger, was published in 1922,1%° and deals with further studies of addi- 
tion products of cyanogen bromide and tertiary arsines, including ethyl- 
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eyclopentamethylenearsine. In the same article the authors describe 
several new tertiary arsines, their hydroxy bromides and picrates, and 
dialkyleyclopentamethylenearsonium halides. 

In 1918 Zappi and Landaburu' described several new salts of 
As-dimethylarsepidine which they had prepared from the corresponding 
hydroxide by treatment with mineral acids. In the same year Jacobs 
and Heidelberger utilized Bart’s method for the preparation of a number 
of hitherto undescribed nitro aryl arsonic acids. They also devised a 
method of reducing these to the corresponding amino compounds by 
means of ferrous sulfate in alkaline medium.''* In the following year 
they published the results of their studies on the action of arsenic acid 
upon phenol, in which they demonstrated that the action is more com- 
plicated than had been heretofore assumed, and that in addition to 
4-hydroxyphenylarsonic acid there are also formed the ortho and. meta 
isomers, di(2-hydroxyphenyl)arsinic acid and 2,4’-di(hydroxypheny]l) - 
arsinic acid. Thus, they, were the first to prepare o- and m-hydroxy- 
phenylarsonic acids, the identity of which they proved by synthesizing 
the same compounds from the corresponding amino acids by diazotizing 
and replacing the diazo group with a hydroxyl in the usual manner.*?® 

In 1919 Raiziss '*° described a number of aryl arsonic acids contain- 
ing nuclear mercury. The next year the same investigator published the 
results of his studies on the chemistry of arsphenamine and its relation 
to toxicity,!?! while in 1921 there appeared a similar article on neoars- 
phenamine,'*? demonstrating that the commercial drug is a non-uniform 
mixture of the mono and di-N-methylenesulfinic acid derivatives of 
arsphenamine together with uncombined sodium formaldehydesulfoxylate, 
sodium sulfate and chloride. In 1922 Raiziss, after a series of diffusion 
experiments with arsphenamine and some of its metallic codrdination 
products, came to the conclusion that the latter are not homogeneous 
substances, as Bauer had claimed, but intimate mixtures of arsphenamine 
and the metals in colloidal form.'** In the same year ?*4 he also described 
several condensation products of arsphenamine and various aldehydes of 
the type, 


(RCH (OH) NH] (HO)C,H,As = AsC,H; (OH) [NH (HO) HCR}. 

In 1919 Jacobs and Heidelberger outlined a plan of procedure : for 
the synthesis of arsenicals for chemotherapeutic research.!*° They first 
prepared amides and alkyl amides of N-arylglycinearsonic acids by the 
interaction of sodium amino aryl arsonates with the amides or alkyl 
amides of chloro fatty acids: 1° 

H,0,AsRNH, -- CICH,CONHR’ ——> 
H,O,AsRNHCH,CONHR’ + HCl. 


The most important compound of this series is N-(phenyl-4-arsonic 
acid) glycineamide or ‘“Tryparsamide,” H.O,;AsCsH,NHCH,CONH,. In 
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a similar manner they obtained ureides and £-substituted ureides of 
N-arylglycinearsonic acids.12* With chloroacetylurea or its simpler 
B-alkyl derivatives the reaction could be accomplished by boiling in 
aqueous solution with the sodium amino arylarsonates. In the prepara- 
tion of the B-arylureides of phenylglycinearsonic acid, however, involving 
the use of the very sparingly soluble chloroacetyl-substituted phenyl- 
ureas, the reaction proceeded most satisfactorily in 50 per cent. alcohol 
and only after sodium iodide had been added to bring about the inter- 
mediate formation of the more reactive iodoacetyl compounds. In the 
succeeding papers they described a number of aromatic amides of N-ary]- 
glycinearsonic acids,’*® also N-substituted glycylarsanilic acids,129 
N- (phenyl-4-arsonic acid) -a-phenylglycine and its amides,'*° substituted 
benzyl, phenoxyethyl and phenacylarsanilic acids,'** the amides of 
(4-arsonic acid)-phenoxyacetic acid and the isomeric phenoxyacetyl- 
arsanilic acids,8* diazoamino compounds of p-arsanilic acid ‘and _ its 
derivatives,1** and finally azo dyes derived from arsanilic acid.1*4 

A study of the composition of commercial arsphenamine was made 
in 1920 by Fargher and Pyman who found that samples of the drug 
precipitated from methyl alcoholic solution by means of ether contain 
no methyl alcohol of crystallization. They also found that when the 
drug is prepared from 3-nitro-4-hydroxyphenylarsonic acid by reduction 
with sodium hydrosulfite, it contains from 1 to 3 per cent. of sulfur, of 
which one part is in the form of the group — NH.SO.H, another part is 
attached to the arsenic, while the remainder is probably physically asso- 
ciated with the compound.'*® In the same year Burrows and Turner 
made the interesting observation that tertiary aliphatic-aromatic arsines 
combine additively with methyl-, ethyl- or phenyldiiodoarsine, to form 
compounds of the type R,As.R’AsI., which may be separated into their 
constituents by dissolving in benzene.1*® In the following year the same 
investigators described several arsenicals containing asymmetric arsenic 
atoms. These compounds they found to be resolvable into optically 
active components, which, however, racemized so rapidly that the observed 
rotation was small.1%* Later in the same year they described additional 
products of phenyldimethylarsine with the iodides of phosphorus, arsenie, 
antimony, bismuth and quadrivalent tin, also similar products from 
phenyltrimethylarsonium iodide and the iodides of cadmium, lead and 
bivalent mercury.'*® 

The question of sulfur in commercial arsphenamine was again investi- 
gated in 1921 by King,'*® who claims that the principal sulfur-containing. 
impurities are the hydrochloride of 5-sulfo-3,3’-diamino-4,4’-dihydroxy- 
arsenobenzene, (HCl.H.N) (HO)C,H;As = AsC,H.(OH) (NH2) (SO;H), 
and arsphenamine sulfate. In the same year Christiansen investigated the 
indirect reduction of 3-amino-4-hydroxyphenylarsonie acid to arsphen-— 
amine; suggested a method of preparing’ a relatively non-toxic sample 
of the latter, and described a polyarsenide of arsphenamine.'*? Later 
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he showed that a relationship exists between the toxicity and the mode 
of synthesis of arsphenamine."*? Thus, by altering the conditions under 
which the nitro group of 3-nitro-4-hydroxyphenylarsonic acid is reduced, 
the toxicity of the product can be made to fluctuate within wide limits. 
Arsphenamine of comparatively low toxicity and sulfur content, he 
found, is more consistently obtained by using pure 3-amino-4-hydroxy- 
phenylarsonic acid as the starting material. In addition, he noted that 
the relatively toxic by-products with a high sulfur content, formed during 
the preparation of the drug from 3-nitro-4-hydroxyphenylarsonic acid, 
are not due to impurities in the commercial sodium hydrosulfite.*** 

In 1921 Wieland and Rheinheimer described a long series of phen- 
arsazine compounds.'** About the same time Kalb published an account 
of the preparation of arsanthrene (diphenylenediarsine) and a number 
of its derivatives,*! while Green and Price described (6-chlorovinyldi- 
chloroarsine, di(®-chlorovinyl)chloroarsine and __ tri(B-chlorovinyl) 
arsine '#® which they obtained by the interaction of dry acetylene and 
arsenic trichloride in the presence of aluminium chloride. In the same 
year W. Lee Lewis published three articles on arsenicals. In the first,’** 
he described 6-chlorophenoxarsine and a number of its derivatives, and 
pointed out the close resemblance between the chemical properties of 
the parent compound and those of diphenylchloroarsine; in the second, 
he described a method of condensing 4-dichloroarsinobenzoyl chloride 
with benzene, toluene, anisole, phenetole and diphenyl ether in the 
presence of aluminium chloride, with carbon bisulfide as a solvent,'* 
while the third paper contained an account of 7-chloro-7,12-dihydro-y- 
benzophenarsazine, prepared by condensing phenyl-a-naphthylamine with 
arsenic trichloride, and also a number of its derivatives.'*® 

In 1922 Roger Adams published the results of his extensive investi- 
gations of various arsenical compounds. By employing alkyl bromides 
or chlorides instead of the iodides, he eliminated several objectionable 
features connected with the isolation of alkyl arsonic acids prepared by 
Meyer’s reaction. He also prepared various aliphatic and mixed ali- 
phatic-aromatic arsinic acids by a further application of the same 
reaction, employing alkyl halides and sodium alkyl or aryl arsenites 
respectively. By the same method he was also able to obtain many 
compounds of the general formula HO,AsRCH,CONHR’, where R is a 
phenyl, 4-aminopheny] or 4-acetylaminopheny! group, and R’ is a phenyl 
or substituted phenyl group.'*? In a second article he showed that 
primary aryl arsines and aldehydes may react in three ways, depending 
upon the conditions of the experiment, forming bis(a-hydroxyalkyl) - 
arylarsines, tetrahydro-1,4,2,5-dioxdiarsines or arseno compounds,}°° 
while in a subsequent paper’ he described 1-(4’-arsonopheny)]) - 
2-pheny1-4,5-diketopyrrolidine and a number of derivatives of this series 
which he obtained by the action of pyruvic acid upon amino arylarsonic 
acids and aromatic aldehydes. He also found that those of the above 
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amino acids which contain substituents in ortho position to the amino 
group form benzylidene derivatives which do not react further with the 
pyruvic acid. 

The importance of the impulse given by Ehrlich to the development 
of chemotherapy in general and to the expansion of the field of organic 
arsenicals in particular cannot be overestimated. The interest in these 
two sciences has penetrated all the civilized countries, where physicians, 
chemists, bacteriologists and protozodlogists are now united in their 
search for specifics of even greater therapeutic value than arsphenamine 
to aid humanity in its struggle against such dreaded diseases as cancer, 
tuberculosis, ete., which either entirely resist or are only slightly affected 
by the therapeutic agents now at our disposal. 


Chapter I. Trivalent Aliphatic Arsenicals. 


A. Primary Derivatives. 


1. Alkyl Arsines, RAsH,—\Unlike the corresponding amines and 
phosphines, the members of this group are practically devoid of basic 
properties, with the exception of ethylarsine which combines with sul- 
furic acid to form a salt easily decomposed by water. They are pre- 
pared by reducing primary arsonic acids with amalgamated zine dust 
and hydrochloric acid in aleoholic medium, with the exclusion of atmos- 
pheric oxygen. The pure products, obtained by distilling under reduced 
pressure, are colorless, mobile, transparent oils of high refractive power, 
readily soluble in alcohol or ether, shghtly so in water, and possessing 
disagreeable odors and powerfully virulent properties. In contrast with 
arsine (AsH,), they readily absorb oxygen from the air, the affinity for 
this element increasing with the number of alkyl groups attached to the 
arsenic. Thus, methylarsine is first partially oxidized to methylarsine- 
oxide, which then reacts with the remaining arsine to form a glistening 
red polymer of arsenomethane, (CH;As),; ethylarsine yields a lght- 
yellow substance, while the secondary and tertiary arsines spontaneously 
inflame in the air, the former yielding dialkylarsinic acids, R.AsO.OH, 
and the latter trialkylarsine oxides, RsAsO. Dilute nitric acid oxidizes 
the primary arsines to alkylarsonic acids, but the concentrated reagent 
decomposes them, oxidizing the alkyl groups to the corresponding fatty 
acids, and the arsenic to a mixture of arsenic- and arsenious acids. They 
are also oxidized to arsonic acids by silver nitrate. Dry halogens react 
with the primary arsines to form alkyldihalogenated arsines, the reaction 
probably proceeding as follows: 


RAsH, + X, ——> RAsHX.HX — > RAsHX + HX 
RAsHX + X, ——> RAsX,.HX ——> RAsX, + HX 
In the presence of a solvent, however, oxidation to the arsonic acid 
occurs. 
When heated with alkyl halides in a sealed tube at 110°, the arsines 
react to form arsonium compounds: 
CH,AsH, + 8CH;I1 ——> (CH;),AsI + 2HI. 


At ordinary temperature, however, there are obtained white or slightly 
yellow, iridescent crystals which are stable in dry. air, but are decom- 
posed by moisture with the simultaneous manifestation of a cacodyl 
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odor. No analyses of these compounds have been made, but they prob- 
ably correspond to the formula R.AsH.HI. By heating the arsines in 
sealed tubes at high temperatures, they decompose into the respective 
hydrocarbons, metallic arsenic and hydrogen; with ethylarsine a second 
reaction evidently occurs, as triethylarsine is also produced. 


Methylarsine, CH;AsH,— Sodium methylarsonate and an excess of 
amalgamated zinc dust are introduced into a large flask and treated 
with the proper amount of hydrochloric acid diluted with an equal 
volume of alcohol. The generator is connected in series with a wash 
bottle containing water, a long drying tube filled with soda lime, and a 


Fig, 1 


condenser of special form, fixed in a wooden vessel charged with solid 
carbon dioxide or a freezing mixture of ice and salt as shown in Figure 1. 
Its exit tube is connected with two wash bottles, the first containing 
concentrated sulfuric acid to exclude moisture, and the second concen- 
trated nitric acid to destroy any uncondensed arsine. All connections 
must be made by sealing the glass together as rubber is rapidly attacked. 
Air must be excluded from the entire apparatus at the beginning of and 
during the reduction. 

The condensed arsine is collected in the receiver (D) filled with 
hydrogen and preserved in sealed tubes.’** It is a colorless, transparent 
mobile liquid of high refractive power, b. p. 2°/755 mm., 17°/1.5 atmos. ; 
soluble in alcohol, ether or carbon bisulfide, but very sparingly in water. 
The arsine has a disagreeable, penetrating odor like that of cacodyl, is 
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very poisonous, and fumes in the air, but is not spontaneously inflam- 
mable. It exhibits but very feebly basic properties, combining only to 
a very slight extent with hydrogen chloride under ordinary temperature 
and pressure, even after standing for a period of two weeks. It is 
oxidized by iodine solution’to methylarsonic acid: 


CH,AsH, ++ 61 + 3H,0 ——> CH,As0(OH), + 6HI. 


On standing over mercury in contact with pure, dry oxygen, it is rapidly 
converted into the arsineoxide: 


CH,AsH, + 0, — > CH,AsO + H.O; 


upon continued standing, however, further oxidation to the arsonic acid 
occurs: 


CH,AsO + O+ H.O ——> CH;AsO(OH)>. 


The last oxidation can be prevented by removing the water formed in 
the first phase of the reaction by means of fused calcium chloride. 

With concentrated nitric acid the arsine yields methylarsonic, formic 
and arsenic acids; with mercuric chloride, mercuric methylarsonate is 
formed, while in a neutral or alkaline solution of silver nitrate, oxidation 
to the arsonic acid occurs. By decolorizing an alcoholic solution of 
iodine with methylarsine and evaporating the resulting solution to dry- 
ness, amber-colored needles of methyldiiodoarsine separate: 


CH Asig 21.0 =" GH tl ort 


but an excess of arsine produces an unidentified, brown, amorphous mass. - 
Bromine in carbon bisulfide solution decomposes the arsine, thus: 
CH,;AsH, + 6Br —— AsBr, + 2HBr + CH,Br; 


with concentrated hydriodic acid methyldiiodoarsine results; with hydro- 
gen sulfide there is a shght formation of methylarsinesulfide: 


CH,AsH, + H.S ——> CH,As$-+ 2H,; 


while alkyl] iodides in sealed tubes filled with carbon dioxide at 100-150° 
for 6-8 hours, yield arsonium compounds: 


CH,;AsH, + 3RI —— CH,.R,AsI + 2HI. 


When heated in a sealed tube with carbon dioxide for 3 hours at 310° 
methylarsine decomposes into methane, free arsenic and hydrogen: 


2CH,AsH, ——> 2CH,-+ 2As-+ Hh. 


bf 


Methylarsineoxide reacts with methylarsine forming a polymer of arseno- 
methane: 
2CH;AsO + 2CH,AsH, —— (CH,As),-+ 2H.0. 
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The phases of the reaction may be represented thus: 
CH, — As= O CH, — As— OH CH, — As 


so 


——> | + H.O 
CH, — As= H, CH, — As — H CH, — As 


combines with another mole- 
cule to form 
CH, — As— As — CH, 


he 
CH, — As— As— CH, 


Ethylarsine is prepared like the preceding compound from magnesium 
ethylarsonate, employing a freezing-mixture of salt and ice instead of 
solid carbon dioxide.’** If the alcohol is omitted in the above reduction, 
the product is arsenoethane. 

Ethylarsine is a virulent liquid, of an extremely disagreeable, pene- 
trating odor, b. p. 36°, d. 1.217/22°; very slightly soluble in water, and 
slowly oxidizing in air, forming light-yellow products. With dry oxygen 
it forms ethylarsineoxide; with concentrated nitric acid it yields ethyl- 
arsonic, acetic and arsenic acids, while with silver nitrate, metallic silver 
is precipitated. Upon passing the arsine through concentrated sulfuric 
acid and allowing the liquid to stand for a number of days, beau- 
tiful white, compact crystals separate which are difficult to obtain 
free from sulfuric acid. It is probably a salt of the composition 
(C,H;AsH,),.H,SO,. With iodine or bromine in a sealed tube contain- 
ing ether the arsine reacts to form ethyldiuodo- and dibromoarsine 
respectively ; with sulfur in a sealed tube filled with carbon dioxide ethyl- 
arsinesulfide is obtained: 


GyHPASH? + Ss a C.H,;Ass + isin) 


with mercuric chloride or -iodide, or with stannic chloride the dihalo- 
genated arsine results, while with phosphorus trichloride the products 
are the dichloroarsine and an unidentified compound. When equimolar 
quantities of arsenic trichloride and ethylarsine are brought together 
in a sealed tube containing ether, a polymer (C.H;As) x, metallic arsenic, 
and ethyldichloroarsine are produced: 


8C,H,AsH, + 8AsCl, —> (C,H;As), -+ 4C,H;AsCl, + 16HCl -+ 8As. 


Antimony trichloride reacts similarly, forming a reddish-brown, amor- 
phous solid which slowly turns jet black, and when dried inflames spon- 
taneously. On heating the arsine in a sealed tube at 235° for three 
hours it decomposes into ethane and triethylarsine: 
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2C;H,AsH, —— 2C.H, + 2As + H, 
3C,H,AsH, —— (C.H;),As -+ 2As + H,; 


but it is unaffected by heating with water in a sealed tube at 180° for 
six hours, or with concentrated hydrochloric acid at 70° for two hours. 
With alkyl iodides in sealed tubes at 70° it forms arsonium iodides. 


n-Propylarsine, prepared by reducing the corresponding arsonic acid, 
is a volatile liquid.1** 


2. Alkyl Dihalogenated Arsines, RAsX, (X=halogen atom). 
Within recent years this class of arsenicals has been the subject of con- 
siderable investigation, with the result that during the World War, 
methyl- and ethyldichloroarsines were employed on account of their 
extremely irritating action upon the mucous membranes of the eyes and 
nose, and other deleterious effects upon the human body. They were 
produced on a large scale from the readily available arsenic trioxide, 
which was first transformed into sodium arsenite, and then converted 
into either disodium methylarsonate, CH,AsO,;Na;, by means of dimethyl 
sulfate, or into the corresponding ethyl! derivative with ethyl chloride. 
By reduction with sulfur dioxide the above arsonates yielded the 
respective alkyl arsineoxides, which with hydrochloric acid gas gave the 
desired dihalogenated arsines.t®°)1°® The reactions involved are as 
follows: 


Na,AsO; + (CH;).80, ——> CH,;AsO;Na, + NaCH,SQ,. 
Na;AsO; + C.H;Cl —~ C.H;AsO;Na, + NaCl. 
RAsO,Na, + 2HCl + SO, —~ RAsO + H.SO, + 2NaCl. 
RAsO + 2HC] — > RAsCl, + H.O. 

These compounds may also be obtained: 


1. From primary alkyl arsineoxides and haloid acids as shown above. 
2. By the action of dry halogens on primary arsines: 


RAsH, + X, ——~ RAsHX.HX ——> RAsHX + HX. 
RAsHX + X, ——> RAsX,.HX —— RAsX, + HX. 


3. From primary alkyl arsonie acids and phosphorus trichloride: 
RAsO(OH), + PCl; ——~ RAsCl, + HPO, + HCl. 


4, As a result of the interaction of arsenic trichloride and mercury 
dialkyls: 
2AsCl, + HgR, —— 2RAsCl, + HeClo. 


5. Upon distilling dialkylarsine trihalides: 


R,AsX,; —— RAsX, + RX. 
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6. By condensing arsenic trihalides with alkyl halides by means 
of sodium: 


RCI -+ AsCl, + 2Na ——> RAsCl, -+ 2NaCl. 


The primary aliphatic dihalogenated arsines are colorless liquids 
generally soluble in alcohol or ether, but decomposed by water. The 
exceptions to the latter are methyl- and ethyldichloroarsines and methyl- 
diiodoarsine which are slightly soluble. 


Methyldichloroarsine, CH;AsCl., is prepared commercially by dis- 
solving arsenic trioxide in caustic soda, converting the resulting trisodium 
arsenite into disodium methylarsonate with dimethyl sulfate at 85°, and 
reducing to methylarsineoxide by means of sulfur dioxide. As a result 
of the action of sulfur dioxide upon the excess of sodium hydroxide, there 
is also formed sodium bisulfite which is decomposed at the end of the 
reduction by adding sulfuric acid. Hydrogen chloride is now passed, into 
the mixture to convert the arsineoxide into the corresponding dichloro 
compound, the introduction of the gas being continued until an excess 
of about 20 per cent is obtained, thereby producing a constant boiling 
mixture which distills without decomposition, and also tends to prevent 
the reconversion of any dichloroarsine to the arsineoxide. Toward the 
end of the introduction of hydrogen .chloride the temperature must 
be kept above 85° to prevent the formation of arsenic trichloride. 
Finally, upon distilling the liquid, the distillate separates into two 
layers, the lower containing the methyldichloroarsine and the upper, 
the constant boiling hydrochloric acid, from which any dissolved 
dichloroarsine is salted out by the addition of a saturated solution 
of calcium chloride. The entire yield of chloroarsine is finally freed 
from water, methyl alcohol and hydrochloric acid by fractional 
distillation, collecting the portion coming over between 129° and 
127 °8 

The same product is formed when cacodyl trichloride decomposes at 
40-50° according to the equation: 


(CH;),AsCl, ——> CH;AsCl, + CH,Cl; 7°" 


by treating dimethylarsine with an excess of dry chlorine; '°* by care- 
fully introducing methylarsonic acid into an excess of well-cooled phos- 
phorus trichloride and fractionating; °° or by warming together cacodylic 
and hydrochloric acids.'°° 

Methyldichloroarsine is a colorless, non-fuming liquid boiling at 133°, 
and is readily hydrolyzed by water.1°** Its vapors have a terribly 
irritating effect upon the mucous membranes, and when inhaled produce 
swelling of the eyes, nose and face and a peculiar gnawing pain extending 
into the throat. It absorbs chlorine at —10° forming methylarsine- 
tetrachloride. Magnesium does not act upon it in anhydrous ether, but 
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in the presence of water there is a violent reaction with the formation 
of methylarsine, hydrogen, methane and a precipitate of (CH;As).. 
With zine a similar reaction occurs.'** 


Methyldiiodoarsine, CH,AsI,—Prepared by the action of hydriodic 
acid upon an alcoholic solution of methylarsineoxide; **? by reducing 
methylarsinetetraiodide with sulfur dioxide; 1** or by treating methyl- 
arsonic acid with sulfur dioxide in the presence of hydrochloric and 
hydriodic acids.'** In the last method it is not necessary to actually 
isolate the arsonic acid, as the above diiodoarsine results upon allowing 
methyl] iodide to react with sodium arsenite in aqueous alcoholic solution 
for 20 hours, distilling off the solvent, acidifying the residual solution, 
and saturating with sulfur dioxide.?® 

It crystallizes from alcohol in elongated, yellow, lustrous needles, 
m. p. 25°, readily soluble in alcohol, ether or carbon bisulfide, sparingly 
in water, and volatilizing unchanged above 200°. 


Ethyldichloroarsine results from the interaction of mercury diethyl 
and arsenic trichloride at low temperature.*°° It may also be obtained 
by permitting ethyl iodide and potassium arsenite to react in alcoholic 
solution according to the method of Dehn, with the formation of ethyl- 
arsonic acid. The alcohol and any ethyl ether formed are distilled off 
on a water-bath, the remaining mixture exactly neutralized with sulfuric 
acid, and then treated with dimethyl sulfate at the water-bath tem- 
perature to eliminate iodine. To the residue one volume of hydrochloric 
acid is added, the whole filtered, and the filtrate saturated with sulfur 
dioxide, when ethyldichloroarsine separates as a yellow oily liquid, which 
is purified by rectification in vacuo.'*’ A third method consists in warm- 
ing ethyldiiodoarsine with calcium chloride and anhydrous sodium 
carbonate on a water-bath for two hours, and treating the resulting arsine- 
oxide with hydrochloric acid.1e* Commercially the compound is pre- 
pared from arsenic trioxide.°* This is converted into sodium arsenite 
with concentrated caustic soda solution and stirred with ethyl chloride 
for 12 to 16 hours under a pressure of 10 to 15 atmospheres. The excess 
of ethyl chloride and the alcohol formed during the reaction are distilled 
off, and the residue dissolved in water, neutralized with sulfuric acid 
and saturated with sulfur dioxide. The mixture is then heated to 70°, 
and the ethylarsineoxide, which separates out as a heavy oil, is mixed 
with hydrochloric acid and saturated with hydrogen chloride at a tem- 
perature not above 95°. 

Ethyldichloroarsine is a colorless liquid with a faint fruity odor, 
b. p. 156° (LaCoste), 145-150° (Steinkopf), very soluble in water, and 
miscible with alcohol, ether or benzene in all proportions. It has an 
extremely irritating effect upon the mucous membranes of the eyes and 
nose, leaves painful blisters upon the skin, and when inhaled causes 
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difficulty in breathing, faintness and prolonged paralysis of the 
extremities. 


Ethyldibromoarsine is obtained together with an insoluble, red-brown 
amorphous solid by the interaction of equimolecular quantities of ethyl- 
arsine and bromine in ethereal solution. It exists as an oil boiling at 
192° and combining additively with platinic chloride to form a yellow- 
ish-white crystalline compound, C,H,AsBr, .PtCl,.2% 


Ethylduodoarsine—Prepared from equimolar quantities of ethyl- 
arsine and iodine in a sealed tube containing ether,'®® or from diethyl- 
arsinetriiodide by splitting off ethyl iodide.17 More recently it has been 
made by reducing ethylarsonic acid with sulfur dioxide as in the case 
of the corresponding methyl] derivative; 1®* 1°° also by gradually adding 
ethyldichloroarsine (26 g.) to a solution of sodium iodide (45 g.) in dry 
acetone (300 ¢.c.), allowing to react for several hours, distilling off the 
acetone from the filtrate and extracting the residue with ether. From 
the latter the diiodoarsine is obtained by removing the solvent, and dis- 
tilling the remaining liquid under diminished pressure.*7* 

The compound is a liquid, b. p. 122.7°/11 mm.; with pyridine and 
quinoline it forms crystalline compounds soluble in excess of the reagent 
and reprecipitated by ether. 


n-Butyldichloroarsine, C,H,AsCl;, is produced by dissolving n-butyl- 
arsonic acid (150 g.) in concentrated hydrochloric acid (300 c.c.), add- 
ing a few crystals of potassium iodide as a catalyst and saturating with 
sulfur dioxide, when the crude dichloroarsine separates. After purifying 
by fractionation under diminished pressure, the pure compound is 
obtained as a colorless oil, b. p. 192-4°.17? 


Isoamyldichloroarsine, C;H,,AsCl,—A chloroform solution of phos- 
phorus trichloride is allowed to drop into a similar solution of isoamyl- 
arsonic acid, and the whole refluxed for one-half hour on a water-bath. 
The liquid is then filtered while hot, the filtrate distilled on a water-bath 
until nothing further comes over, and the residue fractionated in vacuo, 
the product consisting of a colorless liquid, b. p. 88.5-91.5°/15 mm. It 
has the characteristic odor of amyl compounds, irritates the nasal 
mucous membrane, and is decomposed by water in which it is insoluble.” 


Ethoxydichloroarsine, (C.H;O)AsCl,, prepared from equimolar 
amounts of sodium ethoxide and arsenic trichloride, is a colorless, fuming 
liquid, b. p. 145-6°/751 mm. When poured into cold water it decom- 
poses with the separation of arsenic trioxide.’ 


B-Chlorovinyldichloroarsine, CHC] = CH.AsCl,, is obtained together 
with di(-chlorovinyl) chloroarsine and tri(B-chlorovinyl) arsine upon 
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introducing dry acetylene into a cooled mixture of anhydrous arsenic- 
and aluminium trichlorides, allowing the whole to react for six hours, 
decomposing with ice-cold hydrochloric acid, and fractionating the 
resulting oil in a current of hydrogen chloride. It is a colorless or faintly 
yellow liquid, b. p. 93°/26 mm., 96°/30 mm.; insoluble in water or dilute 
acids, but soluble in all common organic solvents. Cold, dilute alkali 
hydroxides cause a vigorous reaction, acetylene being evolved with brisk 
effervescence. It rapidly absorbs halogens, forming a variety of products. 
Thus, with bromine in carbon tetrachloride solution it yields a bromo 
compound, consisting of leaflets melting at 122°. The dichloroarsine is 
a very marked vesicant and a powerful respiratory irritant.’”° 


3. Alkyl Arsineoxides, RAsO.—These may be regarded as ortho 


OH 
arsenious acid, As— OH, with one hydroxy] replaced by an alkyl group, 
YS OH 
R 
As—OH. The latter, however, do not exist as free acids, since they 
\ oH 


immediately lose one molecule of water forming alkyl arsineoxides which 
are devoid of acid properties. On the contrary, they exhibit basic prop- 
erties, reacting with haloid acids to form alkyl dihalogenated arsines 
and water as shown in the previous chapter. The methods of prepara- 
tion are: 

1. The action of alkali hydroxides or carbonates upon primary alky] 
dihalogenated arsines: 


RAsCl, + 2KOH ——> RAsO + 2KCl-+ H,O 
RAsCl, + K,CO; —> RAsO + 2KCl + CO.. 


2. Reduction of primary arsonic acids by means of sulfur dioxide: 
RAsO (OH), + SO, ——~ RAsO + H.SO,. 


3. Alkylation of sodium arsenite and subsequent reduction with sulfur 
dioxide as already described under methyl and ethyl dichloroarsines. 
4. The oxidation of primary arsines by means of atmospheric oxygen: 


RAsH, -- 0 ——> RAsO + HO. 


Methylarsineoxide, CH;AsO.—Prepared from methyldichloroarsine 
by treating with potassium hydroxide or carbonate solution; 7° by reduc- 
ing disodium methylarsonate with sulfur dioxide; "7 from methyldiiodo- 
arsine and sodium carbonate in benzene solution; *® or from sodium 
arsenite by first methylating with dimethyl sulfate and then reducing 
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with sulfur dioxide as described under the preparation of methyldichloro- 
arsine.?°® 

It consists of colorless crystals with an odor of asafetida, m. p. 95°; 
soluble in water, alcohol, ether, carbon bisulfide or hot benzene, and 
slightly volatile in steam. Distilled with potassium hydroxide, it decom- 
poses into cacodyl oxide and arsenic trioxide: 


4CH,AsO ——> As,.O, + [(CH,).As].0. 
With hydrogen sulfide it forms the corresponding arsinesulfide. 


Ethylarsineoxide is obtained from ethyldichloroarsine and potassium 
carbonate in benzene medium.™** For large scale production it ig pre- 
pared from arsenic trioxide as described under ethyldichloroarsine, by 
being first converted into sodium arsenite, then ethylated by means of 
ethyl chloride under pressure, and the resulting product reduced to the 
arsineoxide with sulfur dioxide.'°° It is a colorless oil, b. p. 158°/10 mm., 
which oxidizes rapidly in air, and is readily soluble in ether, benzene or 
acetone. 


4. Alkyl Arsinesulfides, RAsS.——Compounds of this type may be 
regarded as arsineoxides with the oxygen replaced by sulfur. This is 
borne out by the action of hydrogen sulfide upon arsineoxides, which 
proceeds according to the equation: 


RAsO + H.S ——> RAsS + H,O. 


Other methods of preparation depend upon: 
1. The action of hydrogen sulfide upon primary dihalogenated 


arsines: . ; 
RAsX, + H.S ——~ RAs§ + 2HX. 


2. The interaction of sulfur and primary aliphatic arsines: 
RAsH, + 8. —— RAssS + H.S. 


Methylarsinesulfide, CH,AsS.—Prepared from methyldichloroarsine 
or methylarsineoxide and hydrogen sulfide.’ It crystallizes as colorless 
leaflets or small prisms, m. p. 110°; has an odor resembling asafetida, is 
readily soluble in carbon bisulfide, less so in alcohol or ether and 
insoluble in water. It is stable in air but is decomposed on heating, 
yielding arsenic trisulfide. 


Ethylarsinesulfide—When one mole of ethylarsine and two atomic 
equivalents of sulfur are brought together in a sealed tube filled with 
carbon dioxide, the sulfur rapidly dissolves and a viscid, colorless liquid 
results: 

C.H;AsH, + 8, ——> C.H;AsS + H,S.** 


é 
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6-Chlorovinylarsinesulfide, CHC] = CH.AsS, is formed on treating 
a carbon tetrachloride solution of the corresponding dichloroarsine with 
hydrogen sulfide. The product obtained thus far is impure, consisting 
of a pale yellow liquid having a garlicky odor, and solidifying to a hard 
resinous mass on cooling.**! 


5. Aliphatic Arseno Compounds.—Arsenomethane, CH,As = AsCH,, 
obtained by reducing methylarsonic acid with hypophosphorous acid in 
the presence of sulfuric acid at water-bath temperature, is a heavy yellow 
oil with a strong garlicky odor, b. p. 190°/13 mm.; slightly soluble in 
alcohol or benzene, more readily in hot glacial acetic acid, but immiscible 
with water. It oxidizes slowly in air, more rapidly in benzene solution; 
yields methyl dihalogenated arsines with halogens, while with methyl 
iodide at 100° it forms tetramethylarsonium iodide and methyldiiodo- 
arsine, thereby resembling arsenobenzene, which under similar circum- 
stances yields tetraphenylarsonium iodide and phenyldiiodoarsine: *** 


CH,As = AsCH, + 8CH,I ——~ CH,AslI, + (CH;),AslI. 
A red polymer, CH,As— AsCHs, is obtained during the reduction of 


| 
CH,As — AsCH, 
methylarsonic acid to the arsine when alcohol is omitted. It is also 
formed by the action of methylarsine upon the corresponding arsineoxide: 


2CH,AsH, + 2CH,AsO ——> (CH,),As + 2H,0.188 


Its addition product with arsenic trioxide, (CH;As),.As.O,, “Erytrar- 
sin” is a red substance isolated by Bunsen from among the decomposi- 
tion products of cacodyl or impure cacodyl oxide and -chloride.!™* 

Another polymer, (CH,As)x, is a dark-brown, insoluble powder 
obtained by reducing methylarsonic acid with hypophosphorous acid in 
the presence of hydrochloric instead of sulfuric acid.'S° It is also pro- 
duced by heating dimethylarsine in a sealed tube at 335°.%° When dis- 
tilled in hydrogen it decomposes quantitatively into trimethylarsine and 
arsenic, resembling arsenobenzene which, on heating, quantitatively 
yields triphenylarsine and free arsenic: 


3CH,As ——> (CH;),As + Aso. 


B. Secondary Derivatives. 


1. Dialkyl Arsines, R,AsH.—Although the first member of this 
series, dimethylarsine, was prepared by Palmer,’® it remained for Dehn 187 
to extensively investigate and develop the compounds included in this 
chapter. Like the primary aliphatic arsines, the secondary compounds 
possess but feebly basic properties. The one exception is the strongly 
basic dimethylarsine, which combines additively with sulfuric acid, yield- 
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ing a well-defined crystalline salt, | (CH,;).AsH],..H.SO,, decomposing 
slowly in moist air, but very rapidly in water. It also forms very 
unstable salts of the type, (CH;).AsH.HX, with haloid acids, while 
with platinic chloride it forms double salts analogous to those of the 
corresponding amine. 

The dialkylated arsines are more reactive than the primary com- 
pounds. Thus, dimethylarsine reacts very readily with such inorganic 
substances as oxygen, sulfur, halogens, haloid acids, halides of heavy 
metals, oxides, sulfides, oxygenated acids and their salts. As to the 
organic compounds, its reactions with alkyl halides and those substances 
upon which it acts as a reducing agent are the most characteristic. 

With halogens, compounds of the type R.AsH.X,, R.AsX and R,AsX, 
are formed: 

R,AsH + X, —~> R,AsH.X, —— R,AsX + HX — R,AsX;; 
with haloid acids, salts of the type R,AsH.HX are first produced, but 
these very quickly decompose into dialkyl halogenated arsines and 
hydrogen: 


R,AsH + HX ——> R,AsH.HX —— > R,AsX + Hb. 


Heavy metal halides form dialkylhalogenated arsines: 
R,AsH + MX, —~> R.AsX +M+HX (M = metal); 


while sulfur yields either mono- or disulfides depending upon the amount 
employed: 

2R.AsH + 8, —— (R.As).S + H.S 

2R.AsH + $8, —— (R,As).S. + HS. 


The affinity of aliphatic arsines for oxygen increases with the number 
of alkyl groups present. Thus, hydrogen arsenide does not react with 
that element at ordinary temperatures; the primary arsines readily react 
but not with the spontaneous inflammability characteristic of the sec- 
ondary and tertiary arsines. The dialkyl arsines may be oxidized to 
compounds of the type R,As.AsR2,, R.As.O.AsR, or R,AsO.OH, 
depending upon the oxidizing agent employed. With alkyl halides, 
especially the iodides, addition products of the type R,AsH.R/I, and 
R.R’,AsI are formed: 

R,AsH + R’I —~> R,AsH.R’/I —> R.R’As + HI 
TRIR’As + R’I ——> R.R’,AslI. 


The secondary aliphatic arsines may be prepared: 
1. By reducing the corresponding oxides or arsinic acids with amal- 
gamated zinc dust and hydrochloric acid: 
R.AsO .OH + 2H — > R,AsH + 2H.0; 
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2. From dialkyl halogenated arsines by reduction with platinized zinc 
and hydrochloric acid in alcoholic solution: 
R,AsxX + H, —— R,AsH + HX. 


3. By the dry distillation of tetraalkylarsonium compounds. In the 
preparation of these compounds the access of either air or moisture 
must be carefully guarded against. 


Dimethylarsine, (CH,;).AsH, was first prepared by reducing cacodyl 
chloride with nascent hydrogen. Platinized zine is covered with alcohol, 
enough hydrochloric acid added to generate a rapid stream of hydrogen 
and a mixture of cacodyl chloride, hydrochloric acid and alcohol is 
gradually introduced. The resulting gaseous mixture of hydrogen and 
dimethylarsine is washed by passing through two U-tubes containing 
water, then dried by passing through a third tube containing granular 
calcium chloride, and finally collected in a receiver immersed in a mix- 
ture of ice and salt, the dimethylarsine condensing, while the hydrogen 
and other volatile products remain unaffected and are subsequently col- 
lected over water. If the cacody! chloride is introduced too rapidly, or 
if an insufficient amount of hydrochloric acid is present, the main product 
obtained is cacodyl which, because of its high boiling point, either 
remains behind in the generator or is retained in the U-tubes containing 
the water.*° 

Since the preparation of cacodyl chloride from cacodyl oxide by 
treatment with mercuric chloride and hydrochloric acid ?8* is attended 
with considerable inconvenience, an easier method of securing the above 
arsine was developed by Dehn, which depended upon the direct reduc- 
tion of the crude “arsenical liquor of Cadet.” 18° The yields thus 
obtained were not very satisfactory, due to the small amounts of cacodyl 
oxide present in the above “liquor.” By employing cacodyl oxide alone, 
however, the product was obtained in good yields. Zine dust, cacodyl 
oxide and alcohol are introduced into a round-bottomed flask and con- 
centrated hydrochloric acid slowly admitted. The generator is joined 
in series with a water wash-bottle, a U-tube filled with soda-lime, a 
bulb condenser for dimethylarsine surrounded with ice and salt, and 
two wash-bottles—one containing sulfuric and the other nitric acid. 
The connections throughout must be of glass and cork, as rubber is 
easily attacked by the arsine. When air is present in the apparatus a 
red substance always appears; this contains a polymeride of arseno- 
methane and is identical with Bunsen’s “Erytrarsin.” In the above 
procedure reduction takes place in two stages: 


[(CH,).As],0 + H, —> (CH,),As.As(CH,), + H,O 
(CH,),As.As(CH,), + H, —> 2(CH,),AsH. 
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The product, which can only be preserved in sealed tubes, is a colorless 
mobile liquid, b. p. 35.6°/747 mm., 55°/1.74 atmos.; d. 1.218/29°. It 
has a characteristic cacodylic odor, and is miscible in all proportions 
with alcohol, ether, chloroform, carbon bisulfide or benzene. It is very 
volatile, inflaming spontaneously in the air even at 0-10° and burning 
with a blue-white arsenical flame. When exposed to direct sunlight for 
two weeks in an almost completely evacuated sealed tube, then heated 
for one hour at 192° and for two more hours at 242°, no evident change 
is observed. But upon continued heating for another hour at 335°, the 
inner surface of the tube becomes covered with a beautiful, lustrous, 
black, metallic mirror of the polymer (CH;As) x, with the simultaneous 
liberation of a gas which burns with a blue flame. The reaction involved 
is either: 


X(OH eich =—> (CH,As)_-- XCH, 
or X(CH,),AsH ——> (CH,As), +3C:H. +3. 


Dimethylarsine acts as a reducing agent—it precipitates metallic 
silver from aqueous silver nitrate; reduces the oxides of nitrogen to 
either nitrous oxide or nitrogen, while it is itself variously oxidized, 
cacodylic acid being the product generally obtained: 


2(CH,).AsH -+- 4NO —-> [(CH,).As],0 -+ H.O + 2N,0 
2(CH,),AsH -+- N,0, —> 2(CH,).AsO.OH + N, 
B(CH, Ast 4-N,0, — > 41(CH,)Asls-- N. + 41,0 


- (CH,),AsH + 2HNO, —— (CH;).AsO.OH + N.O + H,O. 
With nitric acid it yields cacodylic acid: 


(CH,),AsH + 4HNO, ——> (CH,),AsO.OH + 4NO, + 2H,0. 
5(CH,),AsH + 4HNO, —> 5(CH,).AsO.OH + 2N, + 2H.0; 


with small amounts of chromic acid, cacodyl, but with an excess of the 
reagent cacodylic acid results: 


6(CH,)AsH + 2H,CrO, —> 3[(CH,)2As]2 + 2Cr(OH), + 2H,0 
3(CH,),AsH + 4H.CrO, + 2H,0 —> 3(CH,),AsO.OH + 4Cr(OH);. 


Potassium chromate is reduced to CrO,.H.O; lead peroxide or mercuric 
chloride to the metal; ferric chloride to the ferrous salt; potasstum ferri- 
cyanide in alkaline solution to the ferrocyanide, and molybdiec acid to 
the hydrated molybdenum dioxide: 


4(CH,)2AsH + 5PbO, —> 2[ (CH,)2AsO.|,Pb + 3Pb + 2H.0 
4(CH,),AsH -+- PbO, = > 2[(CH,)2As],-+ Pb + 2H,0 
(CH,),AsH + HgCl, —> (CH,).AsCl + Hg + HCl 
(CH,),AsH + 2FeCl, —> (CH,).AsCl + 2FeCl, + HCl 
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(CH;).AsH + 4K,Fe(CN),.-+ 5KOH ——> 4K,Fe(CN), + 
(CH,),AsO.OK + 3H,O 

4(CH,),AsH + 4K,Fe(CN), + 4KOH —-—> 2] (CH;).As].-+ 4H,O + 
K,Fe(CN).; 

2H,Mo0O, + (CH;),AsH ——> (CH;).AsO.OH + 2Mo0,H,0. 


With sulfur dioxide the following reactions occur: 


7(CH;),AsH + 480, —~> 2CH;)AsS8 + 2CH,AsS + 3(CH,).AsO.OH 
EHO 

7(CH,),AsH + 480, — > 2[ (CH,),As].8. + 3(CH;),As0.0H 
A 21,0; 


with sulfur monochloride dimethylchloroarsine is obtained: 
2(CH,),AsH + S.C], ——> 2(CH,;).AsCl + 8 + HLS. 


Stannic chloride reacts with dimethylarsine forming dimethylarsine- 
chlorostannide, (CH;).As.SnCl;, which upon sublimation yields beauti- 
ful, large, colorless, deliquescent needles, having a very disagreeable, 
penetrating odor, and readily soluble in ether or carbon bisulfide, though 
less so in chloroform. 

With phosphorus-, arsenic- or antimony trichloride, dimethylarsine 
forms cacody] chlorine, hydrochloric acid and other unidentified products, 
while heating with arsenic trioxide in a sealed tube filled with carbon 
dioxide at 100° for five hours and allowing to stand for two years yields 
a dark brown solid, largely (CH,As).4: 


2CH;AsH + As,O, —— (CH,As),-+ H.O + O,.1%° 


With sulfur, dimethylarsine forms either the mono or disulfide depending 
upon the quantity of sulfur; with dry chlorine at ordinary temperature 
the final product is mainly methyldichloroarsine; with bromine, 
(CH,;),AsBr.HBr; and with iodine, (CH;),AsI.HI. Bromine in the 
presence of water, however, produces cacodyl bromide and a dark-brown, 
amorphous solid which is probably identical with Bunsen’s “Erytrarsin,” 
while aqueous iodine yields cacodylic acid: 


(CH,) AsH ++ 41 + 2H,O ——> (CH,).AsO.OH + 4HI. 


With pure, dry hydrobromic acid, the product is a hydrobromide, 
(CH;),.AsH.HBr, which decomposes at —10 to 20° into dimethyl- 
bromoarsine and hydrogen. The latter two products are also obtained 
directly on heating dimethylarsine with a slight excess of aqueous hydro- 
bromic acid in a sealed tube at 125° for 24 hours. Dry hydriodic acid 
produces a white crystalline mass which soon becomes effervescent and 
changes to cacody! iodide. 

With an excess of platinic chloride the arsine forms a double salt, 
(CH;),AsH.H,PtCl,, which decomposes with liberation of hydrogen and 
hydrochloric acid, yielding the compound (CH,),AsCl.PtCl, but with an 
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excess of the arsine the product is [(CH,;).AsH],H,PtCl,. These com- 
pounds have not been obtained in pure form. Auric chloride in aqueous 
solution is reduced to the metallic condition, the dimethylarsine being 
oxidized to a mixture of cacodyl, cacodyl chloride and cacodylic acid. 

When equimolar quantities of dimethylarsine and ethyl chlorocar- 
bonate are brought together in a sealed tube filled with carbon dioxide 
no reaction is evident, but upon opening the tube combustible vapors are 
evolved. The residual oil is cacodyl chloride and is produced according 
to the reaction: 


(CH,),AsH + CIOOCC,H, —> (CH,),AsCl + HOOCC,H,.1% 


Oxygen acts upon dimethylarsine according to the following equa- 
tions: 


6(CH,) AsH + 30, —> 2(CH;As),.As,0, + 2C,H, + 3H,0. 
4(CH,),AsH + 0, —~> 4(CH,As), + 2C,H, + 2H,0. 
AGT) Acti O, => As, = 40.H, + 9H,0. 
2(CH;),AsH+ 90, ——> As,0, + 4CO,-) 7H,0. 
4(CH,),AsH + 0, —> 2[(CH,).As]. + 2H.0. 

(GH) AsH 0, ——>. | (CH,).As],0 42 H,0. 

(CH,) -AsH ++ 0, —> (CH,),AsO.OH. 


SSE SA eee Lam 


The arsine reacts with dimethylchloroarsine, yielding cacody]: 
(CH;),AsH + (CH;),AsCl —— (CH;).As.As(CH;). + HCl; 


while with dibromosuccinic acid, cacodyl] bromide is obtained: 
2(CH,),AsH + C,H.Br,(COOH), ——~ 2(CH;).AsBr + C,H,(COOH)>. 


Upon mixing dimethylarsine with concentrated sulfuric acid in a 
sealed tube filled with carbon dioxide, colorless prismatic crystals of the 
sulfate, | (CH,;).AsH],.H.SO,, are produced. This decomposes slowly 
in air but rapidly in water, regenerating its components. 


Diethylarsine has not been definitely prepared. According to Gosio * 
various species of moulds, such as mucor mucedo, aspergillus glaucus and 
especially penicillium brevicaule, act upon arsenic compounds generat- 
ing a very poisonous gas containing arsenic and capable of killing a 
mouse in a few seconds. The same phenomenon was noted by other 
observers,* who had not identified the gaseous product. Gosio also con- 
cluded that poisoning cases occurring in rooms furnished with wall papers 
or carpets containing arsenical coloring matters were due to the above 
phenomenon, although the composition of the toxic compound remained 
unknown. O. Emmerling,? upon repeating Gosio’s experiments was 
unable to confirm the latter’s conclusions. He therefore advanced the 
theory that the cases of arsenical poisoning previously mentioned are not 
due to any volatile arsenical but to the inhalation of dust particles of 
the arsenical compound present in the wall papers or carpets. 
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Finally, Biginelli* thoroughly investigated the gas noted by Gosio, 
and found that upon passing it into a hydrochloric acid solution of 
mercuric chloride, there separate colorless, tabular, triclinic crystals of 
the composition [(C.H;).AsH.2HgCl.].. It sinters at 239-40°, decom- 
poses at 255-6°, and dissolves in boiling water, from which, upon cooling, 
a small quantity of a substance decomposing at 250-1° is obtained 

AsH (C.H;). 
together with the oxide, O .4HgCl,. The latter separates 
\ AsH(C:Hs)2 
in shining scales sintering at 270° but.is not completely fused at 290°. 
When treated successively with concentrated aqueous caustic potash and 


an ethereal solution of iodine it yields hygroscopic, straw-yellow needles 
De ENG! 


of O , m. p. 102°, which with silver sulfate forms the 


\ AsH (CyHs) 9-1 
sulfate (C,H,,OAs).SO,, m. p. 210°; with moist silver oxide, deliquescent 


needles of the dioxide, (C,H,)sH.As<o>As.H (C,Hs) »; and with potas- 


sium permanganate in nitric acid solution, the compound O[ AsH(C.H;)>. 
OH]..KNO, — hygroscopic, acicular prisms melting at 129-31° and 
exploding at higher temperatures. By passing the arsenical gas evolved 
by P. brevicaule into mercuric nitrate solution there is precipitated an 
insoluble, infusible, yellow substance, (C.H;),AsH.2HgNO;, which is 
not decomposed by boiling water. 

Although he was unable to isolate diethylarsine itself, Biginelli con- 
cluded that the formation of the foregoing compounds is sufficient evi- 
dence of its production from arsenical compounds contained in wall 
paper. 


Di-n-propylarsine, (C,H;).AsH, is obtained together with other 
decomposition products in the dry distillation of the so-called “hexa- 
propyldiarsonium hydroxide,” but actually tetrapropylarsonium hy- 
droxide, in an atmosphere of hydrogen.!°? 


Disoamylarsine, (CsH,,),AsH, prepared by reducing diisoamyl- 
arsinic acid with amalgamated zine dust and hydrochloric acid in the 
presence of ether, is a colorless liquid, b. p. 150°/99 mm., having an odor 
resembling that of isoamy! alcohol. On exposure to air it oxidizes with- 
out inflaming, yielding diisoamylarsineoxide and the corresponding arsinic 
acid.°* When heated at 240-60° for 3 hours it decomposes according 
to the following equations: 


6(CsH,,) ASH ——> 4(C,Hi,),As + 2As + 3H, 
2(CyHi,) ASH —> CgHiy + CoHia “+ CicHos + 2A8.2% 
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2. Dialkyl Halogenated- and Cyanoarsines, R.AsSX.—As we have 
already seen, the hydrogen of the secondary arsines may be readily 
replaced with a halogen, by means of a haloid acid: 


R,AcH -- HX —> RiAcxX 1H, 


thereby furnishing conclusive evidence as to the chemical constitution of 
the secondary halogenated arsines. On the other hand, they may be 
regarded as arsenic trihalides in which two of the halogen atoms have 
been replaced by alkyl groups. This is well borne out by a general 
method of synthesis consisting of the interaction of one molecular equiva- 
lent of arsenic trihalide with two of an alkyl halide in the presence of 
two molecules of sodium: 


ORX + AsX, -+ 2Na, —> R,AsK ++ 4NaX. 


From a practical standpoint, the most satisfactory method of preparation 
consists in reducing an arsinic acid with hypophosphorous acid in the 
presence of the respective haloid acid. This procedure offers a distinct 
advantage over that in which the haloid acid is permitted to react with 
secondary arsines, because of the difficulty involved in handling the 
latter. 

The methods employed in the preparation of secondary halogenated 
aliphatic arsines depend upon: ‘ 


1. The action of haloid acids upon secondary arsines: 
R.AsH + HX ——> R.AsH.HX —— R,AsX + Hh. 
2. Condensation of arsenic trihalides with alkyl halides by means 
of metallic sodium. 


3. Reduction of aliphatic arsinic acids with hypophosphorous acid 
in the presence of a haloid acid, e. g.: 


2(CH;),AsO.OH + 3H,PO, + 2HCl —— 2R,AsCl + 3H,PO; + H,O. 
4. The action of phosphorus trichloride upon arsinic acids, e. g.: 


2(CH,),AsO.OH + 2PC], ——> (CH;),AsCl + POCI, + HPO, 
or 3(CH;),AsO.OH + 4PCl, ——> 3(CH;).AsCl + 3POCI; + HsPOs. 


5. Distillation of secondary arsineoxides with concentrated haloid 
acids in the presence of mercuric chloride, e. g.: 
[ (CH,),As].0 + 2HgCl, + 2HCl —— 2(CH;)2AsCl + H.O + 2HgCh. 


6. The interaction of halogens and aliphatic cacodyls in ethereal 
solution: 


(CH,)2,As — As(CH;). + X. ——> 2(CH;).AsxX. 
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7. The action of alkyl halides upon tetraalkyldiarsines: 
(CH,),As.As(CH;), + 2CH,I ——> (CH;),AsI + (CHs).,AslI. 


The dialkyl halogenated arsines are virulent, oily liquids with an 
unbearable odor. They can be readily obtained pure by distilling in 
vacuo or in an atmosphere of inert gas, are generally insoluble in water, 
soluble in the usual organic solvents, and oxidize readily on exposure to 
air. When heated with alkyl halides in a sealed tube, they yield tetra- 
alkylarsonium halides. 

The dialkyl cyanoarsines, R.AsCN, are extremely poisonous com- 
pounds which may be obtained by the action of either hydrocyanic acid 
or mercuric cyanide solution upon the corresponding arsineoxides. The 
dimethyl compound is a solid at ordinary temperatures, while the diethyl 
derivative is a liquid. A particularly interesting method of pre- 
paring the latter consists in distilling triethylarsine bromocyanide, 
(C.H;),AsCN.Br, under reduced pressure, the reaction proceeding 
according to the following equation: 


(C.H;),As.CN.Br —— (C.H;).As.CN + C.H;Br. 


In addition, a dimethylthiocyanoarsine, (CH,),As.CNS, has been 
prepared by the action of sodium thiocyanate upon dimethylchloro- 
apsine, thereby differing from both the primary aliphatic and aromatic 
dihalogenated arsines, which do not yield the corresponding dithiocyano- 
arsines with sodium thiocyanate—an indication that arsenic is incapable 
of combining with two CNS radicals. 


Dimethylchloroarsine (Cacodyl chloride), (CH;).AsCl.—The earliest 
method of preparation consisted in mixing “Cadet’s crude arsenical 
liquid” with an excess of concentrated hydrochloric acid and treating 
with an excess of powdered mercuric chloride, the mixture setting to a 
thick, crystalline magma. This was rendered liquid by the addition of 
more hydrochloric acid and distilled. The eacodyl chloride obtained in 
the distillate was dried with calcium chloride, freed from excess of hydro- 
chloric acid with powdered calcium carbonate and then rectified. 
A more modern procedure consists in dissolving cacodylic acid in an 
excess of concentrated hydrochloric acid and reducing with a solution of 
hypophosphorous acid in the same reagent below 50°. The latter solu- 
tion is divided into two portions, the second being added after the 
reaction with the first is completed. Cacodyl chloride separates as a 
heavy faint-yellow oil which is removed in a separatory funnel, dried 
with calcium chloride and distilled in an atmosphere of carbon dioxide.2®* 
According to another method cacodylic acid is gradually introduced into 
well-cooled phosphorus trichloride, cold, concentrated hydrochloric acid 
added to decompose the phosphorus oxychloride which forms, and the 
whole subjected to fractional distillation.?% 
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Cacodyl chloride is a colorless, ethereal, non-fuming liquid heavier 
than water, boiling at 106.5-107°, soluble in alcohol in all proportions, 
insoluble in water or ether, and cannot be solidified at — 45°. It has a 
very penetrating and stupefying odor, and an intensely irritating action 
upon the eyes and nose. Oxygen converts it into a well-defined, crystal- 
line oxidation product, but when heated in the air it burns with a pale 
flame. With chlorine it forms dimethylarsinetrichloride; with alkalis— 
cacodyl oxide, while with soluble silver salts, silver chloride is precipi- 
tated. Zine and hydrochloric acid reduce it to dimethylarsine. It forms 
double salts with metallic chlorides. Thus, the  platinichloride, 
[ (CH;).AsCl],.PtCl,, is a brick-red precipitate soluble in hot water 
to a colorless solution, from which the compound, [ (CH;).As],0.PtCl.. 
H.O, separates in colorless needles which are dehydrated at 160°, and 
also react with potassium bromide or iodide, silver nitrate or sulfate 
yielding respectively [(CH;).As],O0.PtBr..H.O (colorless), [ (CH;) ,As].0. 
Ptl,.H,O (yellow), [(CH;),As],0.Pt(NO;)..H.O and {(CH;)sAs],0. 
PtSO,.H.O,7°* while with cuprous chloride a white precipitate of the 
double salt, [(CH;).AsCl]..Cu.Cl., is formed.1® On heating a mixture 
of cacodyl chloride and methyl iodide in a sealed tube for 3 hours at 
100°, tetramethylarsonium triiodide, (CH,),AsI.I,, and methyl chloride 
are obtained.?°° 


Dimethylbromoarsine (Cacodyl bromide) is prepared either by dis- 
tilling cacodyl oxide-mercuric chloride with very concentrated hydro- 
bromic acid; *°' from cacodyl and methyl bromide; ?° or from dimethyl- 
arsine by heating in a sealed tube with a 45 per cent solution of 
hydrobromic acid at 125° for 24 hours: 7° 


(CH,),AsH + HBr —— (CH;),AsBr + Hb. 


The most convenient method, however, consists in reducing a solution of 
eacodylic acid in hydrobromic acid with hypophosphorous acid as 
described under the corresponding chloride.?°* 

It is a yellow oil, b. p. 128-9° in an atmosphere of carbon dioxide. 
When heated with methyl] iodide in a sealed tube for two hours at 100°, 
it forms tetramethylarsonium triiodide; with methyl bromide in a sealed 
tube filled with dry carbon dioxide for three hours in a boiling water 
bath, trimethylarsine dibromide results, while heating with methyl- 
arsonium triiodide under the same conditions for six hours yields the 
corresponding arsonium iodide together with unchanged triiodide.?”° 

The hydrobromide, (CH,),AsBr.HBr, is obtained by the interaction 
of dimethylarsine and an excess of bromine in a sealed tube. It forms 
white tabular crystals slightly soluble in hot chloroform, less so in carbon 
bisulfide, and insoluble in ether. It is stable in air, but is slowly decom- 
posed by cold water, more readily upon heating, yielding the bromo- 
arsine and hydrobromic acid.?°° 
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Dimethyliodoarsine (Cacodyl iodide) has been obtained by distill- 
ing cacodyl oxide with concentrated hydriodic acid; *°? in small amounts 
together with tetramethylarsonium, iodide by the interaction of methyl 
iodide and cacodyl; 2°? and from dimethylarsine and hydriodic acid.°°* 
The following are the modern methods of preparation: 1. An aqueous 
solution of cacodylic acid and potassium iodide is saturated with sulfur 
dioxide, 1:1 hydrochloric acid being added from time to time. The 
cacodyl iodide then separates as a yellow oil, which is dried over calcium 
chloride and distilled.2°* 2. Methyldiiodoarsine and methy! iodide are— 
permitted to react in alcohol-concentrated aqueous caustic soda solution 
over night, the solvent distilled off, the residue acidified with hydro- 
chloric acid and saturated with sulfur dioxide.?'° 3. Cacodyl chloride 
is gradually added to a solution of sodium iodide in dry acetone and the 
resulting solution permitted to stand for several hours in an atmosphere 
of carbon dioxide. After filtering and distilling off the acetone from 
the filtrate, the residue is taken up with ether, the solvent removed from 
the extract by distillation, and the residue rectified in an atmosphere of 
carbon dioxide.?' 

Cacodyl iodide is a yellow oil boiling at 154-7°, and solidifying at 
— 35° to pale yellow crystals. It has a penetrating, nauseating odor 
Lke the corresponding chloride, is insoluble in water but dissolves readily 
in alcohol or ether. It does not fume in the air, but on standing for a 
short time is converted into prismatic crystals, while upon heating it 
burns with the evolution of iodine vapors. Both sulfuric and nitric acids 
cause decomposition with liberation of iodine. By heating cacody! iodide 
with methyl iodide in a sealed tube for one hour at 100°, tetramethyl- 
arsonium triodide is obtained. 

The hydriodide, (CH,),AsI.HI, is made from equimolar amounts of 
dimethylarsine and iodine in a sealed tube at ordinary temperature. 
It forms large, pale yellow needles, m. p. 175°, soluble in alcohol with 
decomposition, insoluble in ether or chloroform. Water decomposes it 
into cacody! iodide and hydriodie acid.2!? 


° 


Dimethylfluoroarsine (Cacodyl flworide), a colorless liquid with an 
unbearable, repulsive odor, was first prepared by Bunsen in a manner 
similar to the corresponding chloride. The product has a corrosive 
action upon glass and must therefore be preserved in platinum containers. 
It is insoluble in water but is apparently decomposed by it.2”! 


Basic dimethyl halogenated arsines |(CH,;).AsX],.[ (CHs).As],0.— 
Basic dimethylchloroarsine, formed by a distilling eacodyl oxide with 
dilute hydrochloric acid, is a liquid, b. p. 109°; *"® the bromo compound, 
similarly prepared, is a yellow fuming liquid,?’* while the yellow, erystal- 
line todo derivative is formed together with cacodyl iodide upon dis- 
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tillng cacodyl oxide with concentrated hydriodic acid2!* Bayer, how- 
ever, questions the existence of these compounds.?"® 


Diethyliodoarsine, (C.H;).AsI, is obtained upon saturating ar 
ethereal solution of ethyl cacodyl with a similar solution of iodine and 
evaporating in vacuo.?!* It may also be prepared by heating together 
ethyl iodide and metallic arsenic, distilling the resulting red, crystalline 
substance, (C.H;),AsI.AsI,, and collecting the fraction coming over 
between 228° and 232°.°"" It is a yellow oil, soluble in ether or alcohol, 
insoluble in water, and decomposed by nitric or sulfuric acid with libera- 
tion of iodine. 


Methylethyliodoarsine, (CH;) (C.H;)AsI—An aqueous caustic alka- 
line solution of ethyldiiodoarsine is refluxed for a few hours with methyl 
iodide, the solution neutralized, freed from alcohol, acidified with hydro- 
chloric acid and finally saturated with sulfur dioxide. The resulting 
oil is collected, dried and distilled under reduced pressure, yielding a 
yellow, oily liquid, b. p. 65°/14 mm. Under ordinary pressure it boils 
with slight decomposition, spontaneous ignition occurring oceasionally.2!8 


Methyl-y-phenylpropylchloroarsine, (CH;) (C,H; .C,H,) AsCl_— 
y-Phenylpropyldimethylarsine dissolved in carbon tetrachloride, is treated 
with a solution of chlorine (1 mole) in the same reagent, the solvent 
removed by distillation, and the residue heated at 160-80°, when methyl 
chloride, volatile chloroarsines and y-chloropropylbenzene are evolved. 
Upon distilling the final residue under diminished pressure the desired 
compound is obtained as a colorless liquid, b. p. 164-7°/14 mm. which 
cannot be obtained free from traces of the parent arsine. By gently 
boiling for three hours with carbon bisulfide and aluminium chloride and 
subsequently decomposing with ice, As-methyltetrahydroarsinoline, 


is produced.?!* 


Methyl-y-phenylpropylbromoarsine, prepared like the preceding com- 
pound, is a colorless liquid, b. p. 177-86°/16 mm.*!” 


Basic diisoamylchloroarsine, [ (C;H,,)2,AsCl]«- [ (CsHi1).As],0.—A 
mixture of 2 moles of isoamyl chloride and one of arsenic trichloride is 
slowly added to 4 atomic equivalents of sodium in dry ether in an 
atmosphere of carbon dioxide. The reaction, which is very violent, 1s 
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complete in two hours. The filtered solution is fractionated, a white, 
soapy solid, probably diisoamylarsineoxide, separating. The red by- 
product, invariably formed during the above condensation, probably 
resembles Bunsen’s “Erytrarsin,’ for when treated successively with 
bromine and ammonia it dissolves to form the ammonium salts of arseni- 
ous, isoamylarsonic and diisoamylarsinic acids. 

Basic diisoamylchloroarsine is a colorless oil, b. p. 263°/750 mm., 
148°/33 mm.; has a peculiar, characteristic odor less intense than cacodyl 
chloride; is soluble in the usual organic solvents but insoluble in water. 
With bromine in dry ether it forms SOE UENCE IG CGE SER I 
(Grae PASC Br] 


Diethoxychloroarsine, (C.H;O),AsCl, is prepared by regulating the 
action of sodium ethoxide upon arsenic trichloride. A solution of 30 g. 
of metallic sodium in 600 c.c. of alcohol is slowly added to 118 g. of 
arsenic trichloride. This requires about two and one-half hours. After 
standing for twenty four hours at ordinary temperature, the mixture is 
warmed for one hour, the sodium chloride separated, the excess alcohol 
removed, and the residual liquid distilled under diminished pressure.?*? 
The product is a colorless liquid boiling at 64-5°/20 mm., 159- 
60°/760 mm., and forming a precipitate of arsenic trioxide with water. 


Di(B-chlorovinyl) chloroarsine, (CHCl=CH)-,AsCl, is one of the 
products formed during the interaction of acetylene and arsenic tri- 
chloride in the presence of aluminium chloride. It is a colorless or pale 
yellow liquid, b. p. 1380-33°/26 mm., 108°/7 mm., or 250° at ordinary 
pressure. It has less marked vesicant properties than the corresponding 
primary compound but is a more intense respiratory irritant. It is 
insoluble in water or dilute acids, soluble in the common organic solvents. 
It forms additive compounds with halogens, and is oxidized by nitric 
acid to a crystalline substance melting at 97°.175 


Dimethylcyanoarsine (Cacodyl cyanide), (CH;),.AsCN, may be pre- 
pared by distilling cacodyl oxide with concentrated hydrocyanie acid: 


[(CH;),As],0 -- 2HCN ——> 2(CH,),AsCN + HO. 


The product thus obtained is contaminated with unchanged cacodyl 
oxide, the removal of which is very difficult because of the great oxidiz- 
ability and terribly poisonous character of the cyanoarsine. <A _ better 
method consists in treating cacodyl oxide with concentrated mercuric 
cyanide solution and subsequently distilling: 


[(CH,)2As].0 + Hg(CN), —> 2(CH,),AsCN -+ Hg2? 


TRIVALENT ALIPHATIC ARSENICALS 59 


Recently it has been prepared by heating cacodyl oxide with five times 
the calculated amount of dry hydrocyanic acid in a sealed tube for two 
hours at 100°, removing the excess of hydrocyanic acid by a current 
of carbon dioxide and distilling the residue, cacodyl cyanide coming. 
over ab 160° 228 

The product has a remarkable capacity for crystallizing in lustrous, 
colorless prisms melting at 33°, boiling at 140° and readily subliming 
at ordinary temperature. When heated in air it burns with a violet 
flame. It is the most poisonous compound of the cacodyl series, the 
inhalation of air containing only a very slight amount, rapidly producing 
numbness of the extremities, giddiness, stupor, and finally leading to 
complete unconsciousness. These symptoms, however, are merely tran- 
sient and without after-effects, providing exposure to this compound has 
not been unduly prolonged. It is slightly soluble in water, readily in 
ether or alcohol. Heating with methyl iodide for two hours at 100° 
in an atmosphere of carbon dioxide converts it into tetramethylarsonium 
iodide and -triiodide. 

On boiling cacodyl cyanide for 12 hours with dilute sulfuric acid, it 
is converted into dimethylarsinoformic acid, (CH;).As.COOH, which 
is isolated through the calcium salt. The free acid reddens blue litmus 
paper and forms stable sodium, calcium, magnesium, manganese, iron, 
cerium, mercury, quinine and strychnine salts.?*4 


Diethylcyanoarsine results on heating triethylarsine cyanobromide 
up to 110° in a sulfuric acid-bath under 12 mm. pressure, the diethyl- 
cyanoarsine coming over at 74°/12 mm. It is purified by rectification, 
has a typical cacodylic odor, and melts at — 50°.” 


Diisobutylcyanoarsine, b. p. 116°/16 mm., is formed on heating ethyl- 
diisobutylarsine cyanobromide.?*® 


Dimethylthiocyanoarsine (Cacodyl thiocyanate), (CH ;),As.CNS, 
from cacodyl chloride and sodium thiocyanate in acetone solution, is a 
colorless oil which gradually turns yellow, has a strongly irritating odor, 
and is readily soluble in alcohol, ether, benzene or acetone.”** 


3. Dialkyl Arsineoxides, (R2As),0—Compounds of this type may 
be regarded as anhydrides of dialkylated arsenious acids: 


OH R 
A ee 
As—OH —— As—R 
\ oH \ oH 
2215140) 


2R.AsOH ———> R,As.O.AsRp. 


Up to the present time but two members of this series are known, 
dimethyl- and diisoamylarsineoxides, The former, together with cacodyl, 
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was first prepared by Cadet 2°8 in 1760 and is the foundation upon which 
rests the development of the organic compounds of arsenic. It con- 
stitutes the major portion of “Cadet’s fuming arsenical liquid” prepared 
_by the dry distillation of arsenic trioxide with potassium acetate accord- 
ing to the following equation: 

4CH,COOK + As,0, —— [(CH;).As],.0 + 2K,CO; + 2COs.. 


The subsequent investigations of Thénard,® Bunsen*** and J. B. 
Dumas,?*° however, established the fact that the above equation does 
not quantitatively represent the course of the reaction, for in addition 
there occurs reduction of some of the arsenic trioxide to metallic arsenic, 
charring of a portion of the potassium acetate accompanied by evolution 
of methane and unsaturated hydrocarbons, and reduction of a slight 
amount of cacodyl oxide to cacodyl, the latter furnishing Cadet’s liquid 
with its fuming and inflammable characteristics. 

The dialkylarsine oxides are obtained 

1. From the corresponding halogenated arsines by treatment with 
caustic potash solution: 


2R.AsX + 2KOH ——> (R.As).0 + 2KX + H.O. 


2. By the partial oxidation of dialkylarsines on exposure to alr: 
2R.AsH + O, —— (R.As).0 + H.O. 


Unlike the arsines, the oxides are not inflammable in air, but are readily 

converted into arsinic acids by oxidizing agents. They are insoluble in 

water, readily soluble in organic solvents, and form double salts with 
mercury and platinum salts. 


Dimethylarsineoxide (Cacodyl oxide), [(CH;).As]20, is isolated in 
pure form from the crude arsenical liquid of Cadet, by first converting 
it into the corresponding chloride by distilling with mercuric chloride and 
hydrochloric acid. The cacodyl chloride is dried with calcium chloride, 
freed from excess hydrochloric acid with powdered calcium carbonate, 
rectified, and finally distilled with aqueous sodium- or potassium 
hydroxide, the cacodyl oxide passing over in steam. The oily distillate, 
when dried and rectified in an atmosphere of carbon dioxide, yields the 
pure oxide as a colorless oil, sp. gr., 1.462/15°; b. p. 120°.231 It crystal- 
lizes in scales at — 25°, does not fume or ignite in air, has an intolerable 
tear-exciting odor, and is sparingly soluble in water. With oxidizing 
agents such as mercuric oxide, it forms dimethylarsinie acid, the latter 
beimg reconverted into the arsineoxide by reduction with phosphorous 
acid. Although it reacts neutral, the oxide yields the corresponding 
halides when distilled with concentrated haloid acids. 

The mercurichloride, | (CH;).As],.0.2HgCl., prepared from its com- 
ponents in alcoholic solution, consists of rhombic plates soluble in alcohol 
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or hot water and yields cacodyl chloride upon distillation with concen- 
trated hydrochloric acid; the corresponding mercuribromide, similarly 
prepared, is a white crystalline powder possessing the same solubilities 
as the chloride; while the platinichloride, [(CH,) As],0.PtCl,.H,0, 
obtained as colorless needles by recrystallizing cacodyl chloride-platini- 
chloride from boiling water, may be transposed with potassium bromide 
or -iodide, silver nitrate or -sulfate, yielding the following com- 
pounds respectively: [(CH;).As],0.PtBr..H.O, colorless crystals; 
| (CH,).As].0.PtI,.H.O, fine, yellow scales; [(CH,;).As],0.Pt(NOsg)>. 
HO; and | (CH;).As|;0.PtsO,.H,0. 


Diisoamylarsineoxide, { (C;H,,)2As].0, is a white, soapy solid formed 
in the preparation of basic diisoamylchloroarsine,?*? or by the oxidation 
of diisoamylarsine in air.1% 


4. Dialkyl Arsinesulfides, [R2As|,5—The same relationship exists 
between these compounds and the corresponding arsineoxides as that 
observed in the case of the primary arsinesulfides and -oxides. They 
are obtained: 

1. From secondary aliphatic arsines by heating with sulfur: 

2R,.AsH + 8, —— (R.As).S + HLS. 


With an excess of sulfur, however, the corresponding disulfide is pro- 


duced: 
2R.AsH + 38 —— (R.As).8, + H.S. 


2. From secondary halogenated arsines by treating with barium 
hydrosulfide or hydrogen sulfide: 


2R,AsX + Ba(SH), ——> (R,As)2S + HS + BaX, 


3. By the action of barium hydrosulfide upon secondary arsineoxides 
in acid solution: 
(R.As).O0 + 2CH,COOH + Ba(SH)., ——~ (R.As).S + (CH;COO).Ba 

+ H.S + H.O. 

4. Upon reduction of dialkyl arsinic acids by means of hydrogen 

sulfide: 
2R,AsO.OH + 3H.S —— (R.As).S + 8, + 4H.20. 

Only two dialkylarsinesulfides are known, the dimethyl and diiso- 

amyl compounds, both of which are insoluble in alcohol or ether. 


Dimethylarsinesulfide (Cacodyl sulfide), [ (CH;),As].8.—Prepared 
by passing hydrogen sulfide through a concentrated alcoholic solution of 
eacodylic acid; 2** by distilling cacodyl chloride with barium hydro- 
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sulfide; 2* from the acid upper layer obtained in Cadet’s distillation by 
treating with the same reagent,?** the latter reaction proceeding accord- 
ing to the equation: 
[(CH;),As],0 + 2CH,COOH + Ba(SH), ——> 

[ (CH) .As]25 + (CH,COO).Ba + H,O + H,S. 


Finally, it may be prepared by heating dimethylarsine (2 moles) with 
less than one mole of sulfur in a sealed tube, and allowing to stand for 
two or three days. The resulting liquid consists of a mixture of cacodyl 
sulfide and trimethylarsine sulfide, which are separated by fractional 
distillation.?*° 

Cacodyl sulfide is a colorless oil with a repulsive odor resembling 
those of mercaptan and cacodyl oxide. It boils at 211°, is distillable in 
steam, insoluble in water, miscible with alcohol or ether, and is decom- 
posed by hydrochloric acid, forming cacody! chloride and hydrogen sul- 
fide. It inflames in the air, burning with a pale arsenic flame. With 
sulfur in alcoholic solution the disulfide, [(CH,).As].S., is obtained; 
with oxygen cacodylic acid results, while with cupric nitrate in alcoholic 
solution it yields well-defined, lustrous octahedra of the cuprisulfide, 
[ (CH) -As].8.3CuS.2% 288 


Disoamylarsinesulfide, [(C;H1,)2As].8, prepared by passing hydro- 
gen sulfide through a suspension of the corresponding chloride in water, 
forms white needles, m. p. 29-30°, readily soluble in ether or carbon 
bisulfide, sparingly in alcohol and insoluble in water.**® 


Dimethylarsinedisulfide (Cacodyl disulfide), [(CH,).As].82., may be 
prepared either by the direct union of cacodyl sulfide and sulfur,?*° or 
from dimethylarsine and an excess of sulfur in a sealed tube at ordinary 
temperature.*°° It crystallizes either in the form of small prisms or 
rhombic plates, m. p. 50°, readily soluble in alcohol, but sparmgly in 
ether. 


Dimethylarsineselenide (Cacodyl selenide), [ (CH ).As}].Se, is made 
by distilling cacody! chloride with aqueous sodium selenide: 


2(CH;)2AsCl + Na,Se ——> [(CH;).As].Se + 2NaCl. 
It is a transparent, yellow liquid with a repulsive, penetrating odor; is 
insoluble in water, readily soluble in alcohol or ether, and burns in air 
with a blue flame, evolving selenium dioxide.*#! 


5. Tetraalkyldiarsines (Cacodyl Compounds), R.As— AsR..—The 
cacodyls may be considered as secondary arsines whose hydrogen has 
been removed: 


oR ASH R,As — AsR». 
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They may be prepared: 
1. From secondary halogenated arsines by heating with zinc: 


2R,AsX + Zn ——> (RAs), + ZnX,. 


2. By condensing secondary arsines with secondary halogenated 
arsines: 


R,AsH + R’,AsK ——> R,As.AsR’, + HX. 


3. From arsinic acids by reduction with hypophosphorous acid. 

4. In small yields by the interaction of alkyl iodides and sodium 
arsenide. 

The products are heavy, oily liquids with a repulsive odor; are spar- 
ingly soluble in water, and very easily oxidized, the methyl and ethyl 
compounds igniting spontaneously in air. They combine directly with 
oxygen, sulfur, halogens or alkyl halides, the latter producing tetraalkyl 
arsonium compounds and dialkyl halogenated arsines: 

eae Ape Re As + A AN Py eae 
Ee ae bo 
PES galas S 


R.R’,AsX. 


Tetramethyldiarsine (Cacodyl), (CH,),As.As(CH;).—As has al- 
ready been mentioned, this substance is one of the constituents of “Cadet’s 
arsenical liquid.” The pure compound may be obtained by heating 
eacodyl chloride with zinc at 90-100° in an atmosphere of carbon 
dioxide.”42 It is also formed upon reducing cacodylic acid either in 
hydrochloric acid solution with hypophosphorous acid,?** or in 2 N-sul- 
furic acid by an electrolytic method; ?** and in small amounts, together 
with trimethylarsine and tetramethylarsonium iodide, from methyl iodide 
and sodium arsenide.**° 

It is a colorless, highly refractive oil with a repulsive odor; is heavier 
than water in which it is but slightly soluble; boils at 170°, decomposes 
at 400-500°, yielding arsenic and hydrocarbons but no free carbon, and 
solidifies at — 6°, forming crystals. It inflames spontaneously in air or 
in an atmosphere of chlorine, but by regulated oxidation with moist air 
or preferably mercuric oxide, it yields successively cacodyl oxide and 
cacodylic acid. It also combines with sulfur and halogens, while with 
alkyl halides tetraalkylarsonium halides result.**° According to Cahours, 
the products obtained with methyl bromide are tetramethylarsonium 
bromide and dimethylbromoarsine. Recently, however, Steinkopf and 
Schwen 247 showed that upon heating cacodyl with methyl bromide in 
a sealed tube filled with carbon dioxide for three hours at 100°, a mixture 
of tetramethylarsonium bromide and trimethylarsine hydroxybromide are 
obtained. With 2 moles of methyl iodide in a sealed tube filled with 
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carbon dioxide, cacodyl reacts at low temperature to form tetramethyl- 
arsonium iodide, while with 5 moles of methyl iodide under similar con- 
ditions, both tetramethylarsonium iodide and -triiodide are obtained.*** 
Ethyl, amyl and allyl halides also react with cacodyl, yielding respec- 
tively dimethyldiethyl-, dimethyldiamyl- and dimethyldiallyl arsonium 
halides together with cacodyl halide. When heated with methyl sulfide 
in a sealed tube at 150-60° for several hours, cacodyl yields methyl- 
arsinesulfide and cacody] sulfide. 


Tetraethyldiarsine (Ethyl cacodyl) is made by mixing sodium arsenide 
with four to five times its weight of, quartz sand, and refluxing with 
ethyl iodide in an atmosphere of carbon dioxide. When the reaction is 
completed, the whole is cooled, extracted with ether in an atmosphere 
of carbon dioxide, and the extract mixed with absolute alcohol. The 
ether is quickly removed and the alcoholic residue diluted with oxygen- 
free water, whereupon ethyl cacodyl separates as a pale yellow, very 
refractive oil, heavier than water, and boiling at 185-90°.*#8 It has an 
unpleasant garlicky odor; is insoluble in water, slightly soluble in alcohol 
or ether, and oxidizes very rapidly in air, bursting into a flame which 
gives off arsenic trioxide. Concentrated nitric acid completely oxidizes 
it with generation of hght and heat; while with dilute nitric acid there 
is obtained a light red powder, analogous to Bunsen’s ‘“Erytrarsin,” 
which slowly turns brown, and on exposure to the air finally becomes 
white. Unlike triethylarsine, ethyl cacodyl has a powerful reducing 
action on salts of silver, mercury and the noble metals. It also com- 
bines directly with oxygen, sulfur or halogens, and differs from other 
alkyl cacodyls in that when incompletely ignited it always yields as a 
secondary product the red substance analogous to Bunsen’s “Erytrarsin.”’ 


Dimethyldisoamyldiarsine, (CH,;).As.As(C;H,,).—When equimolar 
quantities of dimethylarsine and diusoamylchloroarsine are brought to- 
gether in a sealed tube filled with carbon dioxide, no change is apparent 
to the eye even after heating for five hours at 100°, but on opening the 
tube no pressure is observed, showing the absence of any free dimethyl- 
arsine. The contents when treated with water vields the cacodyl com- 
pound as a fuming oil possessing the odor of amylarsine. The reaction 
evidently proceeds according to the equation: 


(CH,)cAsH ob (CeHaa lene ————$ (GH,).As SAS (Gelatin Jo + HC].249 


Wohler,’® on distilling a mixture of equal parts by weight of potas- 
sium butyrate and arsenic trioxide, obtained a mixture of two liquids 
together with a considerable amount of reduced arsenic and some mal- 
odorous gas. The heavier oily liquid, although not spontaneously inflam- 
mable, burned with a white, smoky flame, giving off an arsenical odor, 
and yielded a white crystalline precipitate with mercurie chloride. On 
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boiling the liquid with zine and hydrochloric acid, an odor resembling 
that of cacodyl was evolved, while boiling with concentrated hydrochloric 
acid alone produced a pungent odor affecting the mucous membranes of 
the eyes and nose. These reactions are highly suggestive of a cacodyl 
derivative, but the exact composition of the compound has not been 
ascertained. 

W. Gibbs * obtained similar inconclusive results on distilling equal 
parts by weight of potassium valerate and arsenic trioxide. The product 
consisted of a heavy, pale yellow, oily liquid having an unpleasant odor, 
and fuming in air without inflaming. It yielded a heavy white precipi- 
tate with mercuric chloride, reduced mercuric oxide to the metal, and 
formed a crystalline solid on exposure to air. 


C. Tertiary Derivatives. 


1. Trialkyl Arsines, R;As——The members of this class of compounds 
correspond to hydrogen arsenide with the three hydrogen atoms replaced 
by alkyl groups. Although arsine itself cannot be employed directly in 
the synthesis of such derivatives, its trihalides furnish suitable starting 
materials, the three halogen atoms being directly replaced by alkyl 
radicals upon interaction with either zinc dialkyls or alkylmagnesium 
iodides. The trialkyl arsines result: 

1. From the interaction of zine dialkyls or alkylmagnesium halides 
and arsenic trichloride: 


Suna CARK, > S20A5 4 2R,As 
3RMgX + AsX, ——> R;As + 3MgX,. 
2. From primary or secondary halogenated arsines and zinc dialkyls: 


RAsX, + ZnR’, —~ RR’.As + ZnX, 
2R.AsX + ZnR’, —— 2R.R’As + ZnX2. 


3. By the interaction of sodium arsenide and alkyl iodides: 
Na,As + 3RI ——> R,As + 3Nal. 


4. Upon decomposing tetraalkyl arsonium halides by distillation with 
solid caustic potash: 
R,AsxX —— R,As-+ RX. 
5. By treating secondary arsines with alkyl halides and decomposing 
the resulting salt with water: 
H,O 


R,AsH + R’X ———> R.R’As. HI — R.R’As + HI. 


The products are all colorless liquids of repulsive odor, soluble in 
alcohol or ether. They possess basic properties, forming haloid salts 
which are quite stable in dry air but are decomposed by water. With 
halogens, oxygen or sulfur they readily combine to form the correspond- 
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ing dihalides, oxides or sulfides, while with alkyl halides they readily 
form arsonium compounds. By heating in sealed tubes at high tem- 
peratures, the tertiary arsines decompose, yielding compounds of the 
type (RAs), and higher aliphatic hydrocarbons. 


Trimethylarsine, (CH,;),As, is prepared by distilling tetramethyl- 
arsonium iodide or its double salt, (CH,),AsI.AsI,, with solid potassium 
hydroxide; *°° from methyl magnesium iodide and arsenic tribromide in 
ether solution,?*! unsatisfactory results being obtained with arsenic tri- 
chloride; 2°? or from zinc dimethyl and arsenic trichloride.** *** If the 
last method is carried out in anhydrous ether medium, a white solid is 
obtained which is first dissolved in water, an excess of concentrated 
alkali added, and the whole distilled on a water bath. The distillate 
upon fractionation yields but a small amount of trimethylarsine, appar- 
ently on account of the fact that ether and trimethylarsine form a 
mixture difficult to separate by fractionation, for upon repeating the 
experiment with xylene as a diluent, the yield obtained is much more 
satisfactory. Trimethylarsine may also be obtained together with 
(CH,As)4 by heating crude cacodyl for two hours at 340° in a sealed 
tube filled with carbon dioxide,?*> or as a by-product during the inter- 
action of sodium arsenide and methyl iodide, the main product being 
tetramethylarsonium iodide.?*® 

The compound is a colorless, highly refractive liquid, boiling below 
100°, and possessing a sickening, garlicky odor. With an excess of 
mercuric chloride solution, it forms a voluminous white precipitate of 
the double salt, [(CH;);As],.HgCl., which when recrystallized from 
hot water separates as pearly-white leaflets. The arsine combines with 
oxygen, yielding the corresponding arsine oxide; with sulfur the arsine 
sulfide results, while with an excess of bromine in ethereal solution, a 
red arsine perbromide is formed. 


Triethylarsine is derived from arsenic trichloride and _ zine 
diethyl; 75° 7° from tetraethylarsonium iodide or the double salt, 
(C.H;)4Asl.AsI;, by distillation with solid caustic potash; °°? and to- 
gether with ethyl cacodyl and tetraethylarsonium iodide by mixing 
sodium arsenide with quartz sand and warming with ethyl iodide in a 
reflux apparatus.?°* A very satisfactory method consists in adding an 
ethereal solution of arsenic trichloride to a strongly-cooled solution of 
ethylmagnesium bromide in the same solvent, and decomposing the 
reaction product with ice and hydrochloric acid. The ethereal layer is 
then removed, dried with calcium chloride, and the solvent distilled off 
in an atmosphere of carbon dioxide, the last traces in vacuo. From the 
residual liquid, triethylarsine is obtained by first distilling in vacuo and 
then rectifying the distillate in an atmosphere of carbon dioxide. It 
is preserved in sealed ampules filled with carbon dioxide.?®* 
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The substance is a colorless, fuming liquid with an unpleasant odor, 
b. p. 140°/736 mm.; sp. gr., 1.151/16.7°; insoluble in water but miscible 
with alcohol and ether. Heating at 265° for three hours decomposes it 
according to the equation: 


4(C.H;),As ———> (C.H;As) 4 oe ACH. 


With mercuric chloride in alcoholic solution, it forms white needles 
readily soluble in alcohol or hot water, and decomposed by ammonia 
with the precipitation of mercurous oxide. The arsine dissolves in dilute 
nitric acid, forming triethylarsine nitrate; does not reduce the oxides 
of the noble metals, but on warming with concentrated sulfuric acid 
the latter is reduced to sulfurous acid. It forms addition products with 
halogens, sulfur or oxygen. With platinic chloride, two isomeric varieties 
of the double salt, 2(C.H;),.PtCl., are obtained, which may be sepa- 
rated by extraction with ether. The ether soluble variety crystallizes in 
amber-yellow crystals, while the insoluble variety crystallizes from hot 
alcohol in long, pale yellow prisms. These isomers are analogous to 
those obtained from triethylphosphine and platinic chloride. With pal- 
ladium chloride, triethylarsine forms transparent, orange-yellow prisms 
of 2(C.H;);As.PdCl., while aurous chloride yields colorless prisms of 
(C,H;),As.AuCl. In preparing the latter it is necessary to avoid too 
high a temperature, as reduction to metallic gold occurs.*®° 


Tri-n-propylarsine, an oil boiling at 167°/90 mm., 158°/73 mm., is 
prepared by distilling the double iodide, (C;H,),AsI.AsI,, with dry 
potassium hydroxide,?*! or by condensing n-propyl chloride and arsenic 
trichloride with metallic sodium in ether, primary and secondary n-propyl 
derivatives being obtained as by-products.*°* When heated for two hours 
at 295°, a polymer (C;H,As), 1s obtained: 

4(C,H,),As —— (C;H,As)4 + 4C.Hi.. 


Dimethylethylarsine, (CH;)2(C2H;)As, from cacodyl iodide and an 
excess of zine diethyl by heating in a sealed tube on a water-bath, Is a 
colorless mobile liquid with a disgusting odor resembling that of tri- 
methylarsine.”°* 


Dimethyl-n-propylarsine hydriodide, (CH;)2(CsH,) As. HI, is obtained 
by permitting n-propyl iodide and dimethylarsine to react for a number 
of days in a sealed tube filled with carbon dioxide.*** 


Dimethy!-y-phenylpropylarsine, (CH;)2(CoHs.C:He) As, a colorless, 
highly refractive liquid boiling at 133°/14 mm., 1s prepared by slowly 
adding a benzene solution of dimethyliodoarsine to an ethereal solution 
of y-phenylpropylmagnesium bromide and warming for one hour. With 
dimethyliodoarsine it forms an additive compound, (CH3;).(C.H;. 
C,H,) As. (CH,),AsI, which crystallizes from ether, methyl alcohol or 
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concentrated hydrochloric acid in colorless prisms melting at 78-81", 
and completely dissociating into its components in benzene.?°° 


Dimethylallylarsine, (CH;).(C;H;) As, from dimethylarsine and allyl 
iodide, is a pale yellow liquid with a disagreeable odor, b. p. 160°. With 
bromine in ether solution it forms the corresponding arsine dibromide.** 


Methyldiethylarsine, (CH;) (C.H;).As, resulting from the interaction 
of methyldiiodoarsine and an excess of zine diethyl in a sealed tube at 
water-bath temperature, is a colorless liquid of very unpleasant odor, 
heavier than water, and readily forming additive compounds with. halo- 
gens or sulfur.?° 


Ethyldi-n-propylarsine, (C.H;)(C;H;).As, from n-propylmagnesium 
bromide and ethyldichloroarsine in an oxygen-free atmosphere, is a 
refractive liquid boiling at 60-64°/14 mm.°*°° 


Ethyldtisobutylarsine, (C:H;)(CsH,).As, similarly prepared from 
isobutylmagnesium bromide in ethereal solution, is a colorless, highly 
refractive liquid, b. p. 86°/16 mm.?°° 


Tri(B-chlorovinyl) arsine, (CHCl=CH),As, is obtained together 
with the corresponding primary and secondary chloroarsines on con- 
densing acetylene with arsenic trichloride in the presence of aluminium 
chloride. It is a colorless liquid, b. p. 151-5°/28 mm., m. p. 3-4°, fairly 
stable in air, and insoluble in water, dilute acids or alcohol. It is neither 
a strong vesicant nor a powerful respiratory irritant, but induces violent 
sneezing.17® Its double salt with aurous chloride, (CHCl = CH),As. 
AuCl, consists of small, heavy, white crystals, m. p. 123° with decom- 
position, and slowly turning purplish-gray on exposure to light. With 
palladous chloride in alcoholic solution the arsine forms an addition 
product, [(CHCl=CH),As]..PdCl,, long, yellowish-brown needles 
soluble in ether or acetone, and melting at 196° with decomposition. 
With chloroplatinic acid in aqueous alcoholic solution there is obtained 
a mixture of long, pale yellow needles and lemon-yellow prisms. By 
agitating this mixture with benzene, there remains a crystalline substance 
probably corresponding to the formula, | (CHCl = CH),As].Pt(CH = 
CHCl),, which separates from alcohol in almost white needles and 
from benzene in pale plates, m. p. 198° with decomposition. When the 
arsine 1s carefully treated with nitric acid it yields a hydroxynitrate, 


(CHCl = CH),As an ,m. p. 103°, which may be converted into the 


corresponding arsineoxide by treating its aqueous solution with caustic 
soda. On boiling an acetone solution of the arsine with Chloramine T 
(1 mole) for 20 minutes, there is formed a compound (CHCl = CH),As 
= N.S0,.C,Hi(CH;).H.0, consisting of colorless plates melting at 
1247 2t 


Chapter II. Pentavalent Aliphatic Compounds. 
A. Primary Derivatives. 


1. Alkyl Arsinetetrahalides, RASX,—Compounds of this type may 
be regarded either as arsonic acids with the oxygen and hydroxyl groups 
replaced by halogens, or as arsenic pentahalides with one of the halogens 
replaced by an aikyl radical: 


O x 
RAs—OH —— RAs—X <— Asx, 

~ OH \ aC 

x 


Very little work has been done on this class of compounds, methylarsine- 
tetrachloride and -tetraiodide being the only derivatives prepared to 
date. They are both unstable at room temperature and can only be 
preserved at — 10° or below. 


Methylarsinetetrachloride, CH,AsCli, prepared by passing chlorine 
through a mixture of methyldichloroarsine and carbon bisulfide at — 10°, 
is obtained in large crystals which cannot be separated from the liquid, 
as they decompose with the evolution of a gaseous product as the 
temperature approaches 0°. The reactions involved are: 


CH; AsCl, + Cl, —~ CH;AsCl, —— AsCl, -- CH,Cl.2 


Methylarsinetetraiodide is made by the action of concentrated hydri- 
odie acid upon sodium methylarsonate.!** It crystallizes in red-brown, 
hexagonal plates, which form a beautifully crystalline compound with 
trimethylsulfonium iodide, and yield methyldiiodoarsine with sulfurous 
acid, 


2. Alkyl Arsonic Acids—The members of this chapter are theo- 
retically derived from arsenic acid, AsO(OH)., by replacing one of the 
hydroxyl groups by an alkyl radical, and may be represented by the 


structural formula, R—As—OH. The proof of the direct union of 
Non 
carbon with arsenic lies in their ready reduction to the corresponding 
69 
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arsines, which unquestionably contain such direct carbon-arsenic linkage, 
and which may be very easily reoxidized to the arsonic acids. 


RAsO(OH). + 6H —— RAsH, + 3H.,0. 
RAsH, + 30 —~ RAsO(OH)>. 


That the arsenic is in the pentavalent condition may be deduced from 
the stability of the arsonic acids toward such oxidizing agents as nitric 
acid, chlorine or bromine, which readily oxidize all trivalent arsenicals. 
The above structural formula also indicates the presence of two hydroxyl 
groups, which is borne out by the fact that the acids form salts with 
alkalis containing either one or two atoms of the metal. 
Several methods are available for the preparation of aliphatic arsonic 
acids: 
1. Hydrolysis of the corresponding alkyl arsineoxyhaldes or -tetra- 
halides: 
RAsOX, + 2H,.O —> RAsO(OH),. + 2HX 
RAsX, + 3H,0 —~> RAsO(OH), + 4HX. 


2. Oxidation of primary aliphatic dihalogenated arsines by means of 
moist silver oxide or hydrogen peroxide: 


RAsX, + Ag.O + 2H.O —— RAsO(OH),. + 2HX + 2Ag 
RAsxX, + oH, O, —— RAsO(OH). + 2HX + O. 


3. Oxidation of alkylarsines by atmospheric oxygen: 

2RAsH, + 30, ——> 2RAsO(OH)>. 

4. The reaction of alkyl halides with alkali arsenites. 

The last method is theoretically the most interesting of all and can 
be readily employed on an industrial scale. It was devised by G. 
Meyer *8 and is dependent upon the fact that alkyl iodides first com- 
bine additively with sodium arsenite in alkaline solution, producing 
compounds in which the arsenic exists in a pentavalent condition. These 
intermediate products then lose one molecule of alkali iodide, forming 
a dialkali arsonate: 

ONa y. ONa yj O 
As— ONa + RI —> R.As—ONa —> RAs—ONa-+ Nal. 


Nona Xe Na: \ oNa 
tLe 


It is also possible that in this reaction sodium arsenite assumes a tauto- 
meric structure so that the alkylation proceeds according to the equation: 


O y O 
ONa+ RI —> R— As—ONa + Nal. 
ONa ~ ONa 
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This method was modified by Klinger and Kreutz ** and later elaborated 
and extended by Dehn.?”? The latter performed a number of interesting 
experiments in order to determine the most favorable conditions and 
the extent of its applicability. As a result, the following procedure was 
found most satisfactory: the alkali arsenite is treated with the alkyl 
iodide in sufficient water and alcohol to insure homogeneous solution, 
and after reacting either at ordinary temperature or at higher temper- 
ature in sealed tubes the solution is evaporated to dryness on a water- 
bath, the residue dissolved in water, feebly acidified with dilute sulfuric 
acid and rendered alkaline with sodium bicarbonate. The amount of 
unchanged arsenite may be determined by titrating the final solution 
with iodine, the alkyl arsonic acids remaining unaffected. In addition, 
Dehn noted the following facts in connection with this procedure: 
1. That the reaction is almost complete in one hour and entirely so at 
the end of twenty four hours; 2. That by employing potassium instead 
of sodium arsenite much less alcohol is required and the yield is prac- 
tically doubled; 3. That the alkyl bromides are not as well adapted for 
alkylation as the iodides; 4. That although alkylation continues to take 
place with the higher alkyl halides, the yields vary inversely as their 
molecular weights. 

The method as developed by Dehn is generally applicable to the 
preparation of the primary aliphatic arsonic acids with very good yields. 
Valeur and Delaby ?* recently reinvestigated this modification of Meyer’s 
method, and found that in aqueous-alcoholic solution potassium arsenite 
is converted into the arsonate much less rapidly than indicated by Dehn. 
Furthermore, in preparing ethylarsonic acid by means of ethyl iodide, 
over 50 per cent of the latter is converted into ethyl ether by reacting 
with the ethyl alcohol present, thereby necessitating a large excess of 
alkyl iodide to completely utilize all of the arsenite. By carrying out 
the reaction in aqueous medium, however, without the addition of any 
alcohol, the disappearance of the theoretical quantity of ethyl iodide is 
parallel with the formation of potassium ethylarsonate. In addition, 
the speed of the reaction can be improved either by employing more 
vigorous agitation and efficient refrigeration or by operating under 
pressure. 

Quick and R. Adams,?’* in preparing the higher aliphatic arsonic 
acids according to the method of Meyer, found the isolation of the 
products difficult because the sodium salts thus obtained are soluble 
in dilute alcohol and do not crystallize from the reaction mixture. Hence, 
they employed alkyl bromides or chlorides instead of iodides, so that the 
free arsonic acids may be isolated directly upon acidification; this 1s 
not possible when an alkyl iodide has been used, because the liberated 
hydriodic acid immediately reduces the arsonic acid. They adopted 
several suggestions of Valeur and Delaby, using water alone as the 
solvent, with heating and stirring to hasten the reaction. To isolate the 
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arsonic acid the solution was concentrated, the alkali halide filtered off, 
and the filtrate acidified. With the higher, less soluble homologues it 
is not even necessary to concentrate the reaction mixture, as precipita- 
tion occurs immediately upon acidification with hydrochloric acid. 

The acids and their salts are, as a rule, beautiful, white, crystalline 
substances easily soluble in water or hot alcohol but insoluble in ether. 
The solubilities decrease with increasing molecular weights, while the 
melting points, on the other hand, increase. 


Methylarsonic acid, CH,AsO(OH)., may be obtained by keeping 
sodium arsenite and methyl! iodide in dilute alcoholic solution in a closed 
vessel at ordinary temperature for several days and isolating through 
the sodium salt,2° or better, by heating the components at 75° for 
several hours and isolating through the calcium salt.2* The acid may 
also be derived from methyldichloroarsine by treatment with moist silver 
oxide or from methylarsineoxide and mercuric oxide, the product being 
isolated in both methods through the barium salt.?*° Finally, it results 
upon oxidation of methylarsine.? 

The compound crystallizes from absolute alcohol in long, spear- 
shaped plates unaffected by dry air and very soluble in water or absolute 
alcohol, more so than cacodylic acid. It is a strong acid capable of 
decomposing carbonates, and has a pleasant acid taste. Its metallic 
salts are generally crystalline. It also forms an ammonium salt, which 
is not the case with cacodylic acid. It yields a precipitate with magnesia 
mixture in ammoniacal solution only upon warming, a distinction from 
arsenic acid which is characteristic of both aliphatic and aromatic arsonic 
acids in general. 


Salts —The disodium salt, CH,AsO(ONa)..6H.O, is a white crystal- 
line powder readily soluble in water but sparingly in alcohol. It has been 
employed in medicine under the name of “Arrhenal.”” With an equimolar 
amount of mercury salicylate it forms a water-soluble salt ‘Enesol.” 
The monosodium salt, CH,AsO.OH.ONa.3H.0, prepared by concen- 
trating an aqueous solution of equimolar quantities of the disodium salt 
and the free acid,?"* is not precipitated from aqueous solution by alcohol. 
It loses its water of crystallization at 130°. The dipotassium salt may 
be prepared like the disodium salt from potassium arsenite; the calcium 
salt, CH,AsO,Ca.H.O, is made by warming together solutions of sodium 
methylarsonate and calcium chloride; 27° the magnesium salt, containing 
5H.0O, is easily soluble in acids but difficultly in water, and is prepared 
in a manner similar to the calcium salt; the barium salt, precipitated 
from aqueous solution by the addition of aleohol, consists of white 
needles containing 5 molecules of water of crystallization, and is much 
more soluble in warm water than the calcium and magnesium salts; 28° 
the disilver salt, obtained by treating an aqueous solution of barium or 
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disodium methylarsonate with silver nitrate,2*t forms lustrous ‘erystals 
which contain no water of crystallization, remain unchanged at 100°, 
but decompose with strong detonation at higher temperature. It is quite 
stable in air and sunlight, and begins to darken only after long exposure. 
Mercurous, mercuric,?*” and iron salts *&* have also been prepared. Alka- 
loidal methylarsonates result upon mixing equimolar quantities of the 
alkaloidal sulfate and disodium methylarsonate to a thick paste with 
water, evaporating to dryness and extracting the desired salt from the 
residue with alcohol. The following salts have been thus prepared: 
strychnine, quinine, atropine, cinchonine, quinidine, brucine, pilocarpine, 
codeine, morphine, aconitine, narceine, papaverine, thebaine, narcotine, 
berberine, caffeine and heroine.?**. The yohimbine salt melts at 203°.285 
On boiling an aqueous solution of disodium methylarsonate with molyb- 
denum trioxide and finally treating with an excess of guanidinium chlo- 
ride, a mixture of two compounds is obtained — rectangular plates cor- 


(CHE 
responding to the formula, (CN,;H,). | is Meow 11H,O, and 
CH CH; 
needles of a compound, (CN,;H,),;H.} As(Mo.0,)4 (Mo.0,),As | 8H,0.2% 
[ — Mo,0,— 


Diuodomethylarsonic acid, (CHI,)AsO(OH)., is obtained together 
with bis(diuodomethyl)arsinic acid from amorphous arsenic with iodo- 
form by warming in a neutral solvent such as benzene or toluene on a 
water-bath for several hours, and finally distilling off the solvent. A 
dense black, oily crystalline magma remains, which is oxidized in the 
cold by nitric acid, the resulting product extracted with cold water, 
filtered and the filtrate concentrated at 40-50°. The diiodo acid crystal- 
lizes out upon cooling. The residue remaining after the extraction with 
water is first boiled with benzene or toluene to remove free iodine, then 
dissolved in ammonia and the tetraiodocacodylic acid, (CHI,).AsO.OH, 
reprecipitated with cold acetic or nitric acid: 


3CHI, + 2As —~ CHI,.AsI, + (CHI,).AsI’ 
(CHI,),AsI + 3HNO, ——~ (CHI.).AsO.OH + 3NO, + H,O + I. 


Diiodomethylarsonic acid crystallizes with 1H,O in the form of large, 
yellow, efflorescent tablets. When boiled with nitric acid, it is decom- 
posed with liberation of iodine, the arsenic being oxidized to arsenic acid, 
while boiling with alkali decomposes it according to the equation: 


CHI,.AsO,H, + 2NaOH —— CH.I. + Na,HAsO, + H,0. 


The sodium salt, CHI,.AsO.0OH.ONa.H.0, is soluble in water, but its 
white silver salt is insoluble.*** 
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Pyrobismethylarsonic acid, CH,AsO(OH).O.(OH)OAsCHs, is pre- 
pared by heating methylarsonic acid at 130° in a current of hydrogen, 
one molecule of water being split off. At higher temperatures (170-80°) 
it decomposes into methyl alcohol and arsenious oxide. The corre- 
sponding sodium salt is obtained in a similar manner by heating mono- 
sodium methylarsonate. Water converts the salt as well as the acid into 
the corresponding arsonic acid derivative.*** 


Ethylarsonic acid, C.H;AsO(OH)., is prepared like the methyl 
derivative from potassium arsenite and ethyl iodide, and is finally pre- 
cipitated as the magnesium salt, from which the free acid is obtained 
by decomposing with sulfuric acid and extracting with boiling alcohol.?” 
A simpler method consists in employing ethyl bromide and sodium 
arsenite, the arsonic acid being subsequently precipitated with hydro- 
chloric acid, thereby eliminating the precipitation with magnesia mix- 
ture.28? The same compound has also been made either by digesting 
ethyldichloroarsine with dilute nitric acid on a water-bath and isolating 
through the potassium salt,?°° or by treating ethyldiiodoarsine with silver 
oxide.” 

The product crystallizes from alcohol in beautiful white crystals 
melting at 99.5°, and readily soluble in water or alcohol. The sodium 
and potassium salts form colorless crystals soluble in hot alcohol; the 
magnesium salt consists of small globular masses easily soluble in acids, 
while the silver salt crystallizes in yellowish scales with a mother-of- 
pearl luster. 

La Coste made an unsuccessful attempt to prepare glycylarsonic acid, 
HOOCCH,AsO(OH)., by oxidizing ethylarsonic acid with potassium 
permanganate in alkaline solution, but instead the acid decomposed into 
acetic and arsenic acids.?% 


n-Propylarsonic acid, C,H;AsO(OH)>., is made in the same manner 
as ethylarsonic acid by employing potassium arsenite and n-propyl! iodide 
at ordinary temperature, some ethylpropyl ether being formed at the 
same time. The acid is isolated through its magnesium salt.2°* It may 
also be derived from sodium arsenite and n-propyl bromide.28® The 
acid crystallizes in needles, m. p. 126-7°; soluble in water or alcohol but 
insoluble in ether. 


Allylarsonic acid, C;H;AsO(OH)., m. p. 128-9°; is produced from 
sodium arsenite and allyl halides.28® 2% 


n-Butylarsonic acid, CyH,AsO(OH)., from n-butyl bromide and 
sodium arsenite, melts at 159-60° and resembles the other arsonic acids 
in general properties. It forms an insoluble magnesium salt with mag- 
nesia mixture.?*® 
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Isoamylarsonic acid, C;H,,AsO(OH)., obtained from potassium 
arsenite and isoamyl iodide,?** is a pearly white, crystalline substance 
melting at 194°; soluble in water or alcohol but insoluble in ether. By 
heating for four hours at 285° it decomposes thus: 


2C;Hi,AsO;H, —— 2C;H,,0H + As.O; + H,0.?% 


B-Chlorovinylarsonic acid, (CHCl =CH)AsO(OH)., is formed by 
oxidizing the corresponding dichloroarsine with concentrated nitric acid. 
It crystallizes from acetone-carbon tetrachloride in long needles, m. p. 
130°. Its monosodium salt crystallizes in hexagonal plates or long 
needles, m. p. 163° with decomposition. On heating the free acid at 
110-15°, it loses one molecule of water forming the anhydride, CHCl = 
CH.AsO., a white, hygroscopic powder decomposing violently at 242°.18 


3. Alkyl Arsinedisulfides—tTheoretically, the alkyl arsinedisulfides 
may be regarded as arsonic acid anhydrides with the oxygen replaced 
by sulfur: 


O O S 
Vie oe VA 
R.As— O:H! ———> RAs — RAs 
Now No Nog 
Arsonic Acid Anhydride Disulfide 


That there is actually an exchange of sulfur for oxygen, may be assumed 
from the general method of preparation which consists in passing hydro- 
gen sulfide through aqueous solutions of the arsonic acids, the reaction 
proceeding according to the following equation: 


RAsO (OH). + 2H.S —— RAss, -+| 3H.0. 


Moreover, by employing certain oxidizing agents the disulfides can 
be converted into the corresponding arsonic acids with the liberation of 
sulfur, further indicating the mutual exchangeability of the sulfur and 
oxygen in these two classes of arsenicals. The members of this group 
are yellow oils having a repulsive odor, and generally dissolve in the 
usual organic solvents. 


Methylarsinedisulfide, CH,AsS., is prepared by passing hydrogen 
sulfide through a solution of methylarsonic acid,** **” separating slowly 
in the form of clear yellow oily drops which on cooling first become turbid 
and finally semi-solid. After washing with water and drying over 
calcium chloride, it is dissolved in chloroform and the latter evaporated 
off, the disulfide remaining as a yellow, gummy mass, which cannot be 
solidified. According to Meyer it is not necessary to isolate the arsonic 
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acid for the preparation of the disulfide, for upon heating sodium arsenite 
and methyl] iodide together in a sealed tube, dissolving the melt in warm 
water, acidulating with hydrochloric acid and treating the solution with 
hydrogen sulfide, the above disulfide may be obtained. 

The product, which may be purified by means of carbon bisulfide, 
has a repulsive smell, is soluble in ether, alcohol, chloroform, carbon 
bisulfide, or warm caustic soda solution, but difficultly so im ammonia. 
Dilute nitric acid oxidizes it to methylarsonic acid which may be identi- 
fied by its calcium and silver salts. According to Meyer, the disulfide 
decomposes on heating into methyl! sulfide and arsenic trisulfide: 


2CH,AsS, —— (CHs3)2S + As.8s. 


This would resemble the observation made by Baeyer upon heating 
methylarsine tetrachloride ?** when methyl chloride and arsenic tri- 
chloride are produced: 


CH;AsCl, —~> CH;Cl + AsCls. 


Dehn, however, claims *** that the disulfide when heated decomposes 
into trimethylarsine sulfide and arsenic pentasulfide: 


3CH;As8, ——> (CH;);,AsS + As.S;. 


Ethylarsinedisulfide slowly separates on passing hydrogen sulfide 
through a hydrochloric acid solution of magnesium ethylarsonate.?°° It 
is a yellow, highly viscid oil of a peculiar, disagreeable odor; sp. gr. 
1.836/24°; sparingly soluble in ligroin, readily in benzene, chloroform 
or carbon bisulfide, and insoluble in water, alcohol or ether. Like arsenic 
trisulfide, methylarsinedisulfide or phenylarsinesulfide it does not dissolve 
in concentrated hydrochloric acid, but is readily soluble in caustic alkalis 
or alkali sulfides. Dilute nitric acid dissolves it, yielding ethylarsonic 
acid, while concentrated nitric acid acts on it with explosive violence, 
yielding ethylarsonic, acetic and arsenic acids. 


n-Propylarsinedisulfide, similarly prepared from magnesium n-propyl- 
arsonate,*°° is a viscid oil changing to a gummy mass below — 10°. Its 
density is 1.8 at ordinary temperature. 


Isoamylarsinedisulfide is a viscid, pale yellow oil which cannot be 
solidified in a freezing mixture and cannot be distilled without decom- 
position. It is prepared like its lower homologues.*” 


B. Secondary Derivatives. 


1. Dialkyl Arsinetrihalides, R,AsX,—Although but few of these 
compounds have been prepared, they are more stable than the primary 
alkyl tetrahalides which decompose at room temperature. 
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Dimethylarsinetrichloride (Cacodyl trichloride), (CH;),AsCl,, is 
prepared by passing chlorine into a carbon bisulfide solution of cacodyl 
chloride: 


(CH;)2AsCl + Cl, —~ (CH;).AsCl,, 


or by slowly introducing powdered cacodylic acid into phosphorus penta- 
chloride or -oxychloride in the presence of dry ether: 


(CH,),AsO.OH + 2PCl; ——-> (CH,),AsCl, + 2POCI, + HCl. 


The product crystallizes from ether in prisms or leaflets readily hydro- 
lyzed by water, and decomposing at 40-50° into methyldichloroarsine 
and methy! chloride.*°? 


Diethylarsinetrichloride—When a dilute alcoholic solution of mer- 
curic chloride is gradually introduced into an alcoholic solution of diethyl- 
arsine, a white precipitate forms and the whole develops an unbearable 
odor, which gradually disappears as more bichloride is added. By warm- 
ing the mixture on a water-bath a clear solution results, which when 
cooled yields a white, crystalline powder. Two other compounds are 
formed at the same time, one settling to the bottom of the container in 
the form of heavy, oily drops which solidify upon cooling to a hard, 
brittle, amorphous, greenish-gray mass; the other separating in the form 
of colorless needles upon filtering off the above two substances and con- 
centrating the filtrate. These latter two compounds have not been 
identified. 

The above white, crystalline powder, (C,H;).AsCl;.4HgO, is odor- 
less, difficultly soluble in cold, more readily in hot water, and almost 
insoluble in alcohol. It is unaffected by dilute nitric acid, but is decom- 
posed by the concentrated reagent. When heated it decomposes, form- 
ing mercuric chloride and volatile arsenical products.°°° 


Diisoamylarsinechlorodibromide, (C;Hy,)2AsCl.Br., separates on 
adding bromine to a dry ethereal solution of diisoamylchloroarsine as 
long as decolorization occurs on gentle warming, evaporating off the sol- 
vent and permitting the residual oil to stand. It forms white crystalline 
granules with an odor resembling chloral hydrate; melts at 124-5°; is 
readily soluble in ether, chloroform or ammonia, less so in water or ben- 
zene, and is converted into diisoamylarsinic acid by aqueous ammonia.*"* 


2. Dialkyl Arsinic Acids, R,AsO.OH.—These acids constitute an im- 
portant chapter of organic arsenicals chiefly because of the historical 
and practical importance attached to the first member of the series, 
dimethylarsinic- or cacodylic acid, which attracted the attention of such 
notable pioneers as Bunsen, Berzelius, J. B. Dumas, Frankland, Kolbe, 
Cahours, Landolt and von Baeyer. It is characterized by a remarkable 
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stability toward oxidizing agents and by its non-toxicity in the animal 
body. 

Although Auger had prepared cacodylic acid in 1903 by Meyer’s 
method, he was unsuccessful with the higher homologues, so that it 
appeared as though this method could not be employed for the synthesis 
of dialkyl arsinic acids in general. 

In 1921, however, Quick and R. Adams succeeded in obtaining ali- 
phatic arsinic acids by this method. They first prepared arsonic acids 
according to Meyer’s procedure, and by reduction with sulfur dioxide 
in the presence of hydrochloric acid converted them into dichloroarsines. 
The latter were then dissolved in four moles of sodium hydroxide form- 
ing disodium alkyl arsenites, and converted into arsinic acids by treat- 
ment with alkyl halides under the same conditions as those employed 
in the preparation of primary arsonic acids. The reactions take place 
rapidly, a maximum of four hours being required to prepare the final 
products. Their isolation is slightly more difficult than that of the 
arsonic acids, due to their greater solubility in water, but precipitation 
is readily effected by neutralizing the reaction mixture, concentrating, 
filtering off inorganic salts and finally acidifying. 

The activity of the halogen in alkyl halides and the solubilities of 
the latter are very important factors in determining the speed of reaction 
between alkyl chlorides or bromides and sodium arsenite or sodium alkyl 
arsenites. Thus, benzyl chloride, allyl bromide and ethylene chlorhydrin 
react from five to ten times as rapidly as ethyl- or isopropyl bromide. 
Moreover, with a series of alkyl halides the speed of reaction diminishes 
as the molecular weight increases. Aryl halides cannot be used in the 
above reaction. 

The acids of this group may also be prepared from secondary tri- 
valent aliphatic arsenicals by oxidation with oxygen or mercuric oxide; 
from alkyldichloroarsines and bromine in the presence of water, or by the 
action of mercuric oxide upon alkyl arsineoxides. They consist of well- 
defined crystalline substances soluble in water or alcohol, and are readily 
reduced to trivalent arsenicals by nascent hydrogen. They form metallic 
salts, but cacodylic acid also possesses basic properties forming salts 
with acids. The acids do not yield a precipitate with magnesia mixture 
either in the hot or cold, thereby differing from both arsenic- and the 
primary arsonic acids. 


Dimethylarsime (Cacodylic) acid, (CHs;).AsO.OH, is obtained in 
practically theoretical yields by oxidizing the corresponding arsineoxide 
with mercuric oxide under water, the reaction being so vigorous that it 
must be regulated by outside cooling. When the odor of cacodyl oxide 
has entirely disappeared, the supernatant fluid is poured ‘off from the 
metallic mercury and cacody] oxide added drop by drop until, on warm- 
ing, metallic mercury no longer separates, thereby indicating the com- 


PENTAVALENT ALIPHATIC COMPOUNDS 79 


plete decomposition of any mercury cacodylate formed. The solution is 
then concentrated and the product finally recrystallized from alcohol.2° 

Auger *°° prepared the same acid by further application of Meyer’s 
reaction. Disodium methylarsonate is first reduced to methylarsine- 
oxide by dissolving in a minimum amount of luke warm water, saturating 
with sulfur dioxide at ordinary temperature and boiling in a reflux appa- 
ratus. The excess of sulfur dioxide is neutralized with sodium carbonate, 
the whole evaporated to dryness in vacuo, and the arsineoxide removed 
from the residue by repeated extraction with hot benzene. The product 
is then dissolved in methyl] alcohol, and refluxed with one mole of methyl 
iodide in the presence of two moles of caustic soda. When the reaction 
is completed, the alcohol is distilled off, and the residue treated with 
dilute sulfuric acid and aqueous sodium nitrite. After filtering off the 
liberated iodine, the filtrate is saturated with sodium carbonate, evapo- 
rated to dryness, and the sodium cacodylate extracted from the residue 
by means of absolute alcohol. 

The free acid exists as colorless, odorless, obliquely truncated prisms 
melting at 200°; has a slightly acid taste; is neutral to methyl orange 
but acid to phenolphthalein, and readily dissolves in water or alcohol. 
It is a remarkably stable compound, remaining undecomposed by the 
action of fuming nitric acid, aqua regia or potassium permanganate even 
upon heating,*°? but deflagrating when heated with dry chromic acid. 
When electrolyzed in alkaline solution, it is oxidized to arsenic acid.°°* 
Cacodylic acid is also unaffected by sulfurous acid, oxalic acid, ferrous 
sulfate, nascent hydrogen or other milder reducing agents, but is reduced 
to cacodyl oxide by warming with phosphorous acid, to cacodyl chloride 
by stannous chloride, to cacodyl and dimethylarsine by electrolysis in 
2N-sulfuric acid solution,?°* while with metallic zinc, cacodyl oxide and 
zinc cacodylate are formed. On passing hydrogen iodide over the dry 
acid, much heat is evolved, cacody! iodide, free iodine and water being 
formed. Similar results are obtained with hydrobromic acid. With 
hydrogen chloride, methyldichloroarsine and methyl! chloride are formed; 
with hydrogen sulfide, cacodyl sulfide, sulfur and water result, while 
with phosphorus pentachloride, cacodyl trichloride is obtained. 

It is amphoteric, forming salts with bases and also acids, e. g., 
(CH,),AsO,H.HCl, (CH;)2AsO.Na. According to Hantzsch, conduc- 
tivity measurements with cacodylic acid show that when treated with 
an excess of caustic alkali, it does not react strictly as a monobasic 
acid, but partly as the sodium salt of a tribasic acid. He concluded that 
in the presence of one molecule of sodium hydroxide the acid is mono- 
basic, but with an excess of alkali it forms the molecular aggregate 
(CH,),As(OH) (ONa)>», so that the acid is capable of functioning in the 
tribasic form, (CH,)24s(OH);. This effect is very slight, however, and 


: oN 
disappears entirely in B solution.?°° 
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At 120° the acid reacts with easily meltable condensation products 
of phenols and formaldehyde, forming resinous substances in which the 
arsenic is held in an ester-like combination. These form water-soluble 
salts with alkalis, and are soluble in the same solvents as the parent 
phenolic condensation compounds, upon which their melting points are 
also dependent.*'® 


Salts—With potassium or sodium hydroxides the acid forms deliques- 
cent salts, of which the sodium compound is the more stable. The silver 
salt, prepared by dissolving pure silver oxide or carbonate in cacodylic 
acid, crystallizes in long needles readily soluble in water and dark- 
ening in sunlight. It combines with the free acid, forming a salt, 
(CH,),AsO.Ag.2(CH;),AsO.H, and also with silver nitrate, forming 
the compound, (CH;),.AsO.Ag.AgNO,—scales readily soluble in water, 
sparingly in alcohol.*t Mercuric cacodylate is obtained almost pure by 
dissolving freshly precipitated mercuric oxide in an excess of a concen- 
trated solution of the acid. It crystallizes in fine white needles which 
when heated yield metallic mercury and a mixture of volatile products 
having an odor like ‘“Alkarsin.” ** The copper salt, [ (CH,).AsO. 
O].Cu.7CuCl,, results upon mixing alcohol solutions of cacodylic acid 
and copper chloride, a slimy, greenish sediment being formed at first 
which becomes granular on boiling. It is soluble in water, and decom- 
poses when heated, yielding cacodyl, copper chloride, copper arsenite, 
arsenic and carbon.*!* In addition, there have been prepared lithium, | 
calcium, barium, magnesium, iron, strychnine, codeine and antipyrine 
salts. 


Rare Earth Cacodylates.—Praseodymium cacodylate, [ (CH;).AsO.]. 
Pr,.16H.O, prepared by dissolving praseodymium hydroxide in a boiling 
solution of cacodylic acid, forms pale green crystals soluble in water.*!4 
Neodymium cacodylate is similarly obtained as small crystals of a very 
pale amethyst color and soluble in water. Samarium cacodylate forms 
almost white crystals very soluble in boiling water, much less in cold, 
and. insoluble in alcohol or acetone.** ** Yttrium cacodylate is pre- 
cipitated by boiling a neutral solution of yttrium chloride with a slight 
excess of sodium cacodylate, and consists of small white crystals very 
shightly soluble in boiling water and insoluble in cold. Thulium eaco- 
dylate, prepared like the praseodymium salt, is a crystalline powder 
practically msoluble in boiling water. 

Perhaps the most remarkable property of the above compounds is 
the ease with which they form double salts with rare earth chlorides, 
nitrates, sulfates, ete. Thus, double salts of lanthanum cacodylate 
and iunthanum chloride, -bromide, -iodide, -nitrate, -sulfate and 
-methanetrisulfonate have been prepared. Cerium chloride cacodylate, 
2Ce| (CH;) AsO, ],.CeCl;.18H,O, consists of white fibrous crystals; 
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cerium sulfate cacodylate is obtained as a thick precipitate by mixing 
the sulfate and cacodylate solutions, while neodymium chloride caco- 
dylate forms very pale amethyst crystals of a fibrous nature.?"4 

The hydrochloride, (CH,;).AsO.H.HCl, prepared by the direct com- 
bination of its components, crystallizes in leaflets which are readily 
decomposed into their constituents by means of water. The correspond- 
ing hydrobromide is a very unstable syrupy mass, while the hydro- 
fluoride is supposed to correspond to the formula, [(CH,).AsO.H. 
HF] (CH;),AsF;. On treating monosodium cacodylate with four 
moles of molybdenum trioxide in boiling water, a sodium salt, 

(CHs)» | 
NaH} As(Mo.0,).}, is obtained, which when treated with an 
(OH). 
‘excess of guanidinium chloride yields colorless plates of a compound, 
(CHs)>» 
(CN;,H.)2H! As(Mo,O,), ;. The corresponding potassium, silver, cop- 
| om, | 

per and lead salts have also been prepared.*4¢@ The thiosinamine salt, 
S=—C one CsHs (CH;),AsO,H, prepared from its components, is a 
crystalline compound, m. p. 74°; readily soluble in water or alcohol, less 
so in ether, and difficultly in ligroin or benzene.?!7 


Diethylarsinic acid, (C.H;),.AsO.OH, is prepared by oxidizing an 
alcoholic solution of ethyleacodyl with oxygen, or treating ethyleacodyl 
with finely ground mercuric oxide under water and isolating through the 
barium salt.2*8 

Another method consists in permitting ethyl bromide to react with 
ethyl dichloroarsine in alkaline solution.*!® It forms lustrous, deliques- 
cent leaflets melting at 190° and decomposing at higher temperature, 
yielding arsenic acid and other arsenical decomposition products. When 
heated in air it burns with a pale yellow flame. It is readily soluble in 
water or alcohol, sparingly in ether; has an acid reaction; and a taste 
which is at first acid and finally bitter. It decomposes alkali carbonates, 
liberating carbon dioxide. The acid is a very stable substance, remain- 
ing unaffected by oxidizing agents such as concentrated nitric acid or 
aqua regia, and by weak reducing agents like sulfurous acid or ferrous 
sulfate. Phosphorous acid reduces it upon warming, yielding an oily 
liquid with a penetrating odor, probably diethylarsineoxide. Its barium 
salt, [ (C2H;)2AsO.].Ba. (C.H;).AsO.H.2H,0, is a deliquescent, crystal- 
line substance easily soluble in water, less so in alcohol, and decompos- 
ing when heated. The silver salt is a very unstable substance darken- 
ing readily at ordinary temperature, more so upon warming. When dry 
it is a black amorphous powder unaffected by dilute hydrochloric acid, 
but soluble in the concentrated acid with decomposition. On account 
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of its instability Landolt was unable to determine the exact composition 
of the silver salt, the analyses for silver varying from 28.6 to 56.7 
per cent. With ferric chloride diethylarsinic acid yields a brown pre- 
cipitate difficultly soluble in hydrochloric acid; with lead acetate a white 
_precipitate; with cupric sulfate a pale green precipitate, and with mer- 
curous nitrate a white precipitate insoluble in dilute nitric acid. The 
mercuric salt is a deliquescent, crystalline substance. 


Di-n-propylarsinic acid, (C;H,;),.AsO.OH, prepared by distilling 
tetra-n-propylarsonium hydroxide in vacuo,%*° forms lustrous leaflets or 
needles, m. p. 123°. 


n-Propyl-n-butylarsinic acid, (C;H;) (C,H,)AsO.OH, from n-propyl 
bromide and n-butyldichloroarsine in alkaline solution, melts at 127-8°.17° 


Di-n-butylarsinic acid, (C,H,),.AsO.OH, similarly prepared from 
n-butyl bromide and n-butyldichloroarsine, melts at 137-8°. Its cupric 
salt is a pale blue precipitate obtained by adding copper sulfate solution 
to a neutral solution of the acid.1”? 


Diisoamylarsinic acid, (C;H,,),.AsO.OH.2H.O, is obtained together 
with arsenic- and isoamylarsonic acids upon warming basic diisoamyl- 
chloroarsine with bromine water and dissolving the resulting yellow, 
crystalline solid in ammonium hydroxide. The arsenic acid is first pre- 
cipitated in the cold by the addition of an excess of magnesium chloride, 
while upon boiling the filtrate, a precipitate of magnesium isoamyl- 
arsonate is obtained. The free diisoamylarsinic acid is then isolated 
from the final filtrate by acidulating. It may also be prepared by treat- 
ing diisoamylarsinechlorodibromide with water or aqueous ammonia. 
The product crystallizes from water in large, flaky crystals m. p. 153-4°; 
easily soluble in alcohol, less so in water and insoluble in ether.?*? 


Symm. Tetraiodocacodylic acid [Bis(diiodomethyl)arsinic acid], 
(CHI.,),AsO.OH, the preparation of which has been previously described 
under diiodomethylarsonic acid, consists of small yellow crystals in- 
soluble in water, but soluble in hot acetic or nitric acid. Continued 
boiling with the latter decomposes it into arsenic acid, iodine and carbon 
dioxide. It is also decomposed by hot alkali: 


(CHI,),AsO.OH + 2NaOH ——> 2CH,I, + Na,HAsQ,. 
The sodium salt, obtained by neutralizing the acid with sodium car- 


bonate, crystallizes from water-alcohol solution in well-defined yellowish 
erystals containing 6H;O, and very soluble in water.?%? 


Di(B-chlorovinyl) arsinic acid, (CHCl = CH).AsO.OH.—Upon oxi- 
dizing the corresponding chloroarsine with nitric acid, and recrystallizing 
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the resulting product from chlorofrom, needle-shaped crystals of the 
nitrate, (CHCl = CH),AsO.H.HNO,, m. p. 99°, are obtained. The 
free acid is produced by hydrolyzing the salt with water and alcohol 
containing enough caustic soda to neutralize the liberated nitric acid, 
and removing the arsinic acid with chloroform. It crystallizes in color- 
less needles, m. p. 120°. The potassium salt, containing 4H,0, forms 
colorless plates, m. p. 49°. The anhydrous variety is a white, hygro- 
scopic powder, m. p. 158° with decomposition. The sodium salt crystal- 
lizes in colorless plates containing 4H,O and melting at 70°.%74 


Thiocacodylic acid, (CH;),.AsS.SH, is not known in the free state. 
Upon attempting to replace the oxygen of cacodylic acid with sulfur by 
means of hydrogen sulfide in aqueous or alcoholic solution, there are 
obtained cacodyl mono- and disulfides respectively. The lead, cuprous, 
bismuth, antimony and aurous thiocacodylates, however, have been pre- 
pared by the action of hydrogen sulfide upon the respective cacodyl- 
ates,°?? or from cacody! disulfide and metallic salts in alcoholic medium. 

Aurous thiocacodylate, (CH;),AsS.SAu, is a yellowish powder insolu- 
ble in water, alcohol, ether or hydrochloric acid. It is decomposed by 
fuming nitric acid with the separation of gold and sulfur, while with 
potassium hydroxide gold sulfide is obtained. When heated alone, it 
decomposes into cacodyl sulfide, gold and sulfur. The cuprous salt is 
a yellow powder insoluble in water, acids, alkalis or the usual organic 
solvents, and when heated, decomposes into cacodyl sulfide, sulfur and 
copper sulfide. The bismuth salt forms golden-yellow, insoluble flakes 
unaffected below 100°, but decomposing at higher temperatures into 
sulfur, bismuth- and cacodyl sulfides, while the lead salt consists of 
stable, white scales sparingly soluble in alcohol. 


C. Tertiary Derivatives. 


1. Trialkylarsine Dihalides, Hydroxyhalides and Cyanohalides, 
R,AsX», R,As.OH.X, R,As.CN.X.—Like the primary arsinetetra- 
halides and secondary arsinetrihalides, the trialkylarsine dihalides are 
unstable compounds easily hydrolyzed by atmospheric moisture and 
difficult to preserve in the pure state. They may be prepared: , 

1. By the action of haloid acids upon trialkylarsine oxides: 


R,AsO + 2HX ——> R,AsX, + H.O. 
2. From trialkylarsine sulfides and haloid acids: 
R,AsS ++ 2HX ——> R,AsX, + H.S. 
3. On combining trialkylarsines with halogens: 
R;As + X, ——> R,AsX2. 


84 ORGANIC ARSENICAL COMPOUNDS 


4. By the action of Grignard’s reagent upon arsenic trihalides. 

The products are solids which generally dissolve in water with 
hydrolysis. When distilled they decompose into a dialkyl halogenated 
arsine and an alky] halide: 


R,AsX, ——> R,AsX + RX. 


Tertiary arsines combines with cyanogen bromide in an atmosphere free 
of moisture, forming trialkyl cyanobromides: 


R,As + CN.Br ——> R;As.CN.Br. 


The latter are extremely sensitive to moisture, the cyanogen group being 
replaced by a hydroxy] with the formation of the corresponding hydroxy- 
bromide: 

R,As.CN.Br + H,O —— R,As.OH.Br + HCN. 


Trimethylarsine dibromide, (CH;),;AsBr..—Upon adding an excess of 
bromine to an ethereal solution of trimethylarsine, a red precipitate of 
trimethylarsinetetrabromide, (CH;),AsBr,, is formed, which is converted 
into the dibromide by treatment with acetone.®** It may also be pre- 
pared by heating together cacodyl bromide and methyl bromide in a 
sealed tube filled with dry carbon dioxide for three hours in a boiling 
water-bath.2* It is a colorless crystalline substance melting between 
150 and 160°, and dissolving in water with hydrolysis. 


Trimethylarsine dtiodide is prepared from trimethylarsine and 
iodine.*2* Upon distillation it decomposes into dimethyliodoarsine and 
methyl] iodide: 


(CH;),Asl, —— (CH;).AsI + CH,lI. 


Triethylarsine dichloride —Landolt obtained traces of this compound 
by treating triethylarsine oxide with concentrated hydrochloric acid in 
alcoholic solution.*?? By the action of mercuric chloride upon triethyl- 
arsine he obtained needles of (C.H;),AsO. (C.H;),Cl..Hg.Cl,.22¢ An 
attempt to prepare the dichloride by decomposing the corresponding 
diiodide with mercuric chloride proved unsuccessful. 


Triethylarsine dibromide, (C.H;),AsBr., is prepared by adding 
bromine to triethylarsine in alcoholic solution,*2’ or by the action of 
concentrated hydrobromic acid upon triethylarsine sulfide.*?8 Accord- 
ing to Landolt it is a pale yellow, crystalline mass, but Dehn obtained 
it in practically white, deliquescent needles with a bitter taste and an 
irritating odor. When treated with chlorine or nitric acid, bromine is 
liberated, while with concentrated sulfuric acid hydrobromic acid is 
obtained. Upon heating it melts and finally burns with a white flame. 
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Triethylarsine diiodide—Prepared from triethylarsine and iodine in 
ethereal solution,®*® or by distilling the compound (C.H;),AsI.AslI,.3%° 
It consists of pale yellow flakes melting at 160° and boiling at 190. ® 
It is very unstable; exposed to the air for a short time it turns brown 
and melts to a dark syrupy liquid. The compound is readily soluble in 
water, alcohol or warm hydrochloric acid, sparingly so in ether, and is 
decomposed by nitric or sulfuric acid with separation of iodine. Aqueous 
caustic potash converts it into the corresponding arsine oxide. 


Dimethylallylarsine dibromide, (CH;).(C;H;)AsBr., is obtained as 
a yellow flocculent precipitate by treating dimethylallylarsine with 
bromine in ether solution.?*4 


Tri(B-chlorovinyl) arsine dibromide, (CHCl = CH),AsBr., from the 
tertiary arsine and bromine in light petroleum solution at freezing tem- 
perature, consists of colorless needles melting at 107°.*%? 


Triethylarsine hydroxybromide, (C.H;),As.OH.Br—When a dry 
ethereal solution of triethylarsine (1:10) is slowly treated with a similar 
solution of an equimolecular amount of dry cyanogen bromide at low 
temperature, a white, crystalline hydroxybromide separates out. In 
this reaction the cyanobromide is first formed, but is immediately hydro- 
lyzed by atmospheric moisture. It crystallizes from acetone in needles, 
m. p. 149-50°; readily soluble in water with an acid reaction, also in 
alcohol, chloroform, glacial acetic acid, phenol or warm acetone, and 
insoluble in ether, ligroin or carbon bisulfide.*** 


Ethyldi-n-propylarsine hydroxybromide, (C.H;) (C,H,),As.OH.Br, 
is prepared by dissolving the corresponding cyanobromide in a little 
alcohol and concentrating in vacuo. It exists as crystals which are so 
hygroscopic that they melt immediately on coming in contact with air. 
It forms a hydroxypicrate, m. p. 85.5°, with picric acid in alcoholic 
solution.?°° 


Ethyldiisobutylarsine hydroxybromide, (C.H;) (C,Hy).As.OH.Br, is 
made either by allowing atmospheric moisture to act on the cyano- 
bromide, or by bringing together ethyldiisobutylarsine and cyanogen 
bromide in moist ether. It exists in a liquid or salve-like form. Its 
hydroxypicrate crystallizes in fine, yellow needles melting at 82°.°?° 


Triethylarsine cyanobromide, (C.H;),As.CN.Br.—tTriethylarsine 
dissolved in absolute petroleum ether is mixed with a similar solution 
of one molecular equivalent of anhydrous cyanogen bromide in an atmos- 
phere of carbon dioxide which has been dried by passing successively 
through calcium chloride, sulfuric acid and phosphorous pentoxide. 
After standing for some ae erystals of the cyanobromide *separate 
out. It melts at 67°, and absorbs moisture with great avidity, the 
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hydroxybromide being formed.*** Distilled in vacuo, it decomposes, 
yielding diethyleyanoarsine and ethyl bromide: 


(C.H;),As.CN.Br —~ (C,H,;),As.CN + C.H;Br. 


Ethyldi-n-propylarsine cyanobromide, (C.H;) (C,H;).As.CN.Br, 
from the corresponding tertiary arsine and cyanogen bromide like the 
preceding compound, is a granular substance very sensitive to moisture. 
When heated under special conditions, it breaks up into a mixture of 
ethyl- and n-propyl bromides on the one hand and a mixture of ethyl- 
n-propyl- and di-n-propyleyanoarsines on the other.*® 


Ethyldvisobutylarsine cyanobromide, (C.H;) (C,H,),As.CN.Br, 
similarly prepared, is a solid melting at 69°. On heating it decomposes 
into ethyl bromide and diisobutyleyanoarsine.?*° 


2. Trialkylarsine Oxides—This class of compounds may be regarded 
as having been derived from ortho arsenic acid by replacing its hydroxyl 
groups with alkyl radicals: 


OH R 
OA — 0h Ose 
yor NR 


They result when tertiary arsines are exposed to the action of the air. 
Unlike the arsonic and arsinic acids the trialkylarsine oxides possess no 
acid properties. They have a neutral reaction toward litmus, but 
possess feebly basic properties. Thus, the trimethyl, triethyl and 
tri(B-chlorovinyl) derivatives form nitrates with nitric acid. 


Trimethylarsine oxide, (CH,;);AsO, is obtained as colorless deliques- 
cent crystals, when trimethylarsine is exposed to the air,** or from 
cacodyl oxide by Meyer’s reaction: 


[(CH;),As],0 + 2CH,I +- 2NaOH ——> 2(CH,),AsO + 2NalI + H.0.3¢ 


With molybdenum trioxide in boiling water, it forms a yellowish 
microcrystalline powder consisting of 


[ (CHs)s (CHs)s 

As(Mo,0,)2 (Mo,0,),As } .8H.0. 

t 02 | 

If guanidinium chloride be added to the solution before the above com- 
pound crystallizes out, there are finally obtained white, microcrystalline 


[ (CH;), (CHs)s ] 
As(Mo.07;)— (Mo.07) Age. 


| —o- 


As(CH;); (OH) Hs 


platelets’ of a compound, (CN,;H,) 3H, 
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Triethylarsine oxide, (C,H;),AsO.—When an ethereal solution of tri- 
ethylarsine is allowed to evaporate spontaneously in the air at ordinary 
temperature, the oxide is obtained as a colorless, oily liquid with a faint 
garlicky odor. It is contaminated with other oxidation products, the 
nature of which has not been further investigated. It can be prepared 
in larger quantities by the action of ethyl iodide on sodium arsenide. 
In this method the product is first extracted with ether, then with alcohol, 
the solvent evaporated off from the latter extract and the residual liquid 
distilled. The oxide is a faint yellow, oily liquid insoluble in water, 
hydrochloric or sulfuric acid, soluble in ether or alcohol.**® It dissolves 
in nitric acid, forming a nitrate which can also be prepared from triethyl- 
arsine and nitric acid. 


Tri-n-propylarsine oxide, (C3;H;),;AsO, is obtained by the dry dis- 
tillation of tetra-n-propylarsonium hydroxide. Its mercurichloride, 
(C;H,),AsO.2HgCl,, consists of white needles, m. p. 60-60.5°.*%° 


Tri(B-chlorovinyl) arsine oxide, (CHCl—CH),AsO, is formed by 
treating an aqueous solution of the corresponding hydroxynitrate with 
the proper quantity of sodium hydroxide and extracting with chloroform. 
It is also formed on treating the corresponding dibromide with caustic 
soda. It crystallizes in long, colorless needles or small plates, m. p. 154° 
with decomposition.*** 


3. Trialkylarsine Sulfides, R;AsS—The arsenicals included in this 
group are analogous to those of the preceding chapter, as they are formed 
from trialkylarsines by direct combination with sulfur. They also 
result when the corresponding arsine oxides are treated with hydrogen 
sulfide. This conversion of oxygen compounds into the corresponding 
sulfur derivatives is accomplished more easily than that of the primary 
or secondary arsenicals. 

A very interesting method of preparation has been employed by Dehn. 
It consists in heating an alkyl arsinedisulfide to a high temperature, a 
tertiary alkylarsine sulfide being formed together with arsenic penta- 
sulfide: 

3RAsS, ——> R,AsS + As.Ss. 


Thus it can be seen that the above tertiary compounds are very stable, 
a fact which Landolt had previously pointed out. 


Trimethylarsine sulfide, (CH,),AsS, may be prepared by combining 
trimethylarsine with sulfur; °° by dissolving trimethylarsine dibromide 
in absolute alcohol, converting into the oxide by means of two moles of 
potassium ethylate, and treating this with hydrogen sulfide; °44 or by 
heating methylarsinedisulfide: 


3CH,AsS, ——> (CH,),AsS + As,Ss.2# 


88 ORGANIC ARSENICAL COMPOUNDS 


It forms colorless prisms or needles soluble in alcohol, chloroform or 
carbon bisulfide, m. p. 168° (Hantzsch), 174° (Dehn), 177.5° (Dehn, 
Wilcox) .°42, With methyl iodide it forms an additive compound, 


(CH,) As Ets or (CH,),As8 cee which crystallizes from hot 


alcohol in white needles melting with decomposition at 180° and decom- 
posed by water, yielding methy! mercaptan.**" 


Triethylarsine sulfide, (C.H;),AsS, is derived from triethylarsine and 
flowers of sulfur in ether medium. The product thus obtained is con- 
taminated with sulfur and triethylarsine oxide.*** It may also be 
prepared by heating ethylarsinedisulfide at 180-95°; *°* by boiling tri- 
ethylarsine oxide with aqueous potassium pentasulfide; *°* or from tri- 
ethylarsine by heating with four parts of carbon bisulfide and three parts 
of absolute alcohol in a sealed tube at 120° for 10 hours, evaporating off 
the excess of carbon bisulfide and alcohol, and fractionating the residual 
oil. The fraction obtained above 200°, on standing for a number of 
days, deposits the above sulfide as long needles. At present no equation 
ean be given that will represent this peculiar reaction.**4 

The sulfide consists of feathery crystals or white needles with a bitter 
taste; soluble in warm water, boiling ether or alcohol; melts at 119.5°; 
and sublimes at higher temperatures. According to Landolt it is odor- 
less, while Dehn found that it possesses a very peculiar, penetrating and 
disagreeable odor. It is decomposed by concentrated nitric acid, the 
sulfur being oxidized to sulfuric acid, but is unaffected by boiling with 
caustic potash. 


Trimethylarsine selenide, (CH;),AsSe, formed from the tertiary arsine 
and powdered selenium in ethereal solution, crystallizes in long, thin 
needles unstable in air, giving off an odor similar to that of trimethyl- 
arsine, and rapidly forming a brick-red deposit on the surface. This 
reddish substance is somewhat soluble in aleohol or carbon bisulfide, and 
is probably amorphous selenium. The above crystals are fairly stable 
when covered with alcohol or ether or when dissolved in water, especially 
if kept in the dark. On exposure to light, however, the reddening occurs 
even when covered with alcohol. Upon heating, the compound begins 
to decompose appreciably at 100°, evolving vapors which are probably 
those of trimethylarsine, and finally leaving a black residue of selen- 
furs 


D. Quaternary Derivatives. 


1. Tetraalky! Arsonium Compounds, RyAsX.—Landolt, in 1854.34 
was practically the first to prepare a compound of this type. By the 
interaction of sodium arsenide and ethyl iodide, he obtained a mixture 
of several arsenicals, from which he succeeded in isolating triethylarsine. 
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He found that this compound could be combined additively with ethyl 
iodide forming a product which we now know as tetraethylarsonium 
lodide. He also noted that the iodine of the latter could be replaced by 
a hydroxyl upon treatment with moist silver oxide: 


2(C,H,).AsI + Ag,O + H,O —> 2(C,H,),As.OH + 2Agl. 


Cahours and Riche*® repeated Landolt’s experiments with sodium 
arsenide using methyl- instead of ethyl iodide, and obtained principally 
tetramethylarsonium iodide along with small amounts of cacodyl and 
trimethylarsine. They also prepared the arsonium hydroxide from the’ 
iodide by means of silver oxide. The same investigators later modified 
the preparation of arsonium compounds by heating alkyl iodides with 
metallic arsenic in sealed tubes at 160-75° for 20 to 24 hours, obtaining 
double compounds of the arsonium iodide and arsenic triiodide: 


4RI + 2As —-—> R,AsI.Asl,. 


By boiling with concentrated potassium hydroxide solution these were 
decomposed into the arsonium compound, potassium iodide, potassium 
arsenite and water, while upon distillation with solid caustic potash, 
trimethylarsine resulted.*4* By employing zinc- or cadmium arsenide 
instead of metallic arsenic they obtained double compounds of the formula 
R,AsI.ZnI, or -CdlI, respectively, which upon boiling with concentrated 
caustic potash solution yielded the arsonium iodide, a metallic oxide and 
potassium iodide.**® 

The arsonium iodides have also been obtained from primary arsines 
by heating with an excess of alkyl iodide: 


RAsH, + 3R’I —~> RR’,AsI + 2HI. 


In 1897-98 Partheil and Amort prepared a mercuric arsenide, Hg;Aso, 
by the action of arsine upon mercuric chloride: **° 


2AsH, + 3HgCl, —— As.Hg; + 6HCI. 

Upon heating this substance with alkyl iodides in a sealed tube they 
claimed that double salts of hexaalkyldiarsonium iodides and mercuric 
iodide were formed, which with moist silver oxide yielded the free hexa- 
alkyldiarsonium hydroxides: 

R,As — AsR, 

tte 

R,As,l2.2HgI, + 3Ag,0 + H.O ——> RAs, (OH). + 6AgI + 2HeOs2 


Hg,As, + 6RI of | .2HeI, + Hg 


Mannheim **° repeated Partheil’s experiments and found that the 
products obtained were double salts of tetraalkylarsonium iodides and 
mercuric iodide and suggested that the so-called “hexaalkyldiarsonium 


compounds” be eliminated from the list of organic arsenic compounds. 
® 
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The tetraalkylarsonium compounds are analogous to the correspond- 
ing ammonium and phosphonium derivatives. Although the arsenic 
atom in the pentavalent form is negative, its combination with four alkyl 
groups constitutes a positive univalent radical, forming salts with halo- 
gens. The halides, of which the iodides crystallize best, are not decom- 
posed by aqueous caustic potash—only upon distillation with the solid 
alkali does decomposition occur, the corresponding tertiary arsine result- 
ing. The halogen may be replaced by various acid radicals by treatment 
with silver salts, silver halide being precipitated, e. g., 


R,AsI + AgNO, —~> R,As.NO; + Agl. 


With moist silver oxide they yield arsonium hydroxides—strong bases 
absorbing moisture and carbon dioxide from the air, and forming well 
defined, crystalline salts with acids. The arsonium chlorides form double 
salts with platinic-, auric- or mercuric chloride, while the arsonium 
iodides combine with iodine, forming triodides: 


R,AsI + I, ——> R,Asl. 


Tetramethylarsonium. iodide, (CH;),AsI, may be produced directly 
from trimethylarsine and methyl iodide. It is the chief product formed 
by the interaction of sodium arsenide and methyl iodide,*** or when 
mercuric arsenide and methyl iodide are heated at 120°.*°? In the last 
method it is obtained as the double salt (CH,;),AsI.HgI,. Other methods 
of preparation consist in heating methyl iodide with finely powdered 
arsenic in a sealed tube at 160-75° for 20-24 hours,*°* or with zine- or 
cadmium arsenide at 175-80°, forming the double salts (CH;),AsI.Asl,, 
(CH,),AsI.ZnI, and (CH;),AsI.CdI, respectively, from which the 
arsonium iodide is liberated by warming with concentrated aqueous 
potassium hydroxide.*** The same arsonium compound results on heat- 
ing methyl iodide with methyl arsine in a sealed tube at 110° for 
eight hours: 


CH,AsH, + 8CH,;I ——> (CH;),4AsI + 2HI.25 


Finally, it may be made from cacodyl and two moles of methyl 
TOCCG ee ces 


(CH, Ash, 4-2CH,1 = (CH. jaksl ACH ear 


With five molecular proportions of methyl iodide a mixture of tetra- 
methylarsonium iodide and -triiodide is obtained which may be sepa- 
rated by acetone, the triiodide alone dissolving. From the latter the 
monoiodide may be obtained by warming with concentrated caustic 
potash solution. 

The arsonium iodide crystallizes from aleohol in cubical erystals or 
lustrous leaflets decomposing at 170-80°, but melting according to 
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Steinkopf at 328° with violent decomposition. It is readily soluble in 
water or alcohol, insoluble in ether, and decomposes with the formation 
of trimethylarsine when distilled over solid potassium hydroxide. It 
combines additively with iodine, forming lustrous, brown needles of the 
triiodide, which upon heating decomposes into methyl iodide and cacodyl 
lodide. 

The mercuriiodide, (CH,),AsI.HglI., prepared either from mercuric 
arsenide and methyl iodide at 120°,°? or from tetramethylarsonium 
iodide and mercuric iodide in alcoholic solution,?** crystallizes from hot 
alcohol in yellow needles, m. p. 184°, soluble in acetone or hot alcohol 
and insoluble in ether. 

With iodoform in absolute alcoholic solution the arsonium iodide 
forms an addition product, I[(CH;),As]...I,CH, which can also be 
obtained by decolorizing a hot saturated alcoholic solution of tetra- 
methylarsonium triiodide with alcoholic potash, and recrystallizing the 
resulting precipitate from alcohol. The product melts at 165°; is easily 
soluble in hot alcohol or acetone but insoluble in cold water, ether or 
ligroin.**° 


Tetramethylarsonium bromide is a highly deliquescent substance pro- 
duced together with cacodyl bromide from cacodyl and methyl bro- 
mide: *°¢ 


[ (CH;) As], + 2CH,Br —~ (CH,),AsBr + (CH;),AsBr. 


According to Steinkopf,?47 however, on heating the above components 
in a current of carbon dioxide at 100° for three hours, a mixture of the 
arsonium bromide and trimethylarsine hydroxybromide is obtained. The 
arsonium chloride is derived from the corresponding hydroxide and hydro- 
chloric acid. Its mercurichloride separates from alcohol in white needles, 
m. p. 175-6°; sparingly soluble in cold, readily so in hot water; *° the 
platinichloride, [(CH;),AsCl]..PtCl,, forms yellow crystals decompos- 
ing at 250-60°; sparingly soluble in cold, readily in hot water,**° while 
the aurichloride, (CH,),AsCl.AuCl,, consists of yellow needles which 
do not melt up to 233°, are readily soluble in acetone or alcohol and 


insoluble in ether.** 


Tetramethylarsonium hydroxide, (CH;),As.OH, is obtained from the 
iodide by the action of moist silver oxide. It is a deliquescent, crystal- 
line, strongly caustic substance resembling sodium- or potassium 
hydroxide—it forms salts with acids, even carbonic; turns red litmus 
blue; precipitates hydroxides of heavy metals from their soluble salts, 
and saponifies fats.*** 


Tetramethylarsonium tritodide, (CHs;)sAsls, may be derived from 
cacodyl halides by heating with methyl iodide in a sealed tube at 
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100°,2°° 2° 242 or from cacodyl and five molecular proportions of methyl 
iodide.247 In the last method the corresponding arsoniwm iodide is also 
formed, but separation is effected by acetone, in which the latter is 
insoluble. The triiodide crystallizes in brownish-red needles melting at 
133° and yielding the monoiodide on warming with concentrated potas- 
sium hydroxide solution. 


Tetraethylarsonium iodide, (C2H;)4,AsI, is prepared from triethyl- 
arsine and ethyl! iodide,*** or like the methyl compound from powdered 
arsenic, zinc- or cadmium arsenide and ethyl] iodide.**? It forms colorless 
prisms decomposing at 160°, readily soluble in water or alcohol and 
insoluble in ether. With silver sulfate in the presence of sulfuric acid it 
forms the acid sulfate, (C.H;)4As. HSO,. 

The mercuriiodide, (C.H,;),AsI.HglI., prepared like the corresponding 
tetramethyl compound, crystallizes from alcohol in yellow needles readily 
soluble in acetone, sparingly in cold alcohol, insoluble in water or ether, 
and melting at 112°.°°° The bismuthiiodide, [(C.H;),AsI],2Bils, is 
formed from the arsonium triiodide by treatment with the double iodide 
of bismuth and potassium, 2Bil,.3KI. It separates as lustrous, brick- 
red, hexagonal plates insoluble in cold alcohol, ether or water, soluble 
in warm aqueous potassium iodide or hydrochloric acid, and decomposed 
by alkali hydroxides or carbonates.°*4 


Tetraethylarsonuum bromide, from the hydroxide and hydrobromic 
acid, consists of deliquescent crystals soluble in water or alcohol, and 
behaves like potassium bromide with solutions of metallic salts, 
nitric or sulfuric acid.** Its double salt with bismuth bromide, 
| (C.H;),AsBr],.2BiBr;, is obtained from the arsonium triiodide by the 
addition of a solution of hydrated bismuth oxide in concentrated hydro- 
bromic acid, separating as lemon-yellow crystals which decompose upon 
warming with alkali hydroxides or carbonates.?°° 

The arsonium chloride results on treating the hydroxide with hydro- 
chloric acid, and consists of deliquescent crystals readily forming double 
salts with metallic chlorides.**’ Its mercurichloride consists of white 
needles melting at 139° and dissolving in hot water; the platinichloride 
forms sparingly soluble, orange-yellow crystals, m. p. 224° with decom- 
position; the aurichloride crystallizes in yellow needles melting at 171°, 
and dissolving in alcohol; *%* the bismuthichloride forms colorless 
crystals.°°° 

The arsonium hydroxide is obtained from the iodide by treatment 
with moist silver oxide. It is a highly caustic, white, deliquescent mass 
absorbing carbon dioxide from the air, liberating ammonia from am- 
monium salts, and precipitating the hydroxides of heavy metals from 
solutions of their salts.*4° 

The triodide, from the monoiodide and iodine in alcoholic solution, 


PENTAVALENT ALIPHATIC COMPOUNDS 93 


consists of brown, lustrous leaflets, m. p. 55-6°; soluble in ethyl alcohol, 
sparingly so in ether and insoluble in carbon bisulfide. With mercury 


it forms the mercuriiodide, (C,H,),AsI. HgI..27° 


Tetra-n-propylarsonium iodide, (C3;H;),AsI, is prepared from arsenic 
and n-propyl iodide by heating at 180° for 24-30 hours, and decomposing 
the resulting double iodide, (C,;H,),AsI.AslI, by boiling with concen- 
trated caustic potash solution. It crystallizes from water in white needles 
decomposing at 150°, readily soluble in water or alcohol and insoluble 
in anhydrous ether.*"* Its mercuriiodide, from the arsonium iodide and 
mercuric iodide, or from mercuric arsenide and n-propyl iodide at 180°, 
forms needles melting at 120°, soluble in acetone, sparingly so in cold 
alcohol, insoluble in water or ether, and yields the corresponding mercuri- 
chloride, (C;H,;),AsI.HgCl., with freshly prepared silver chloride.?” 

The corresponding arsoniwm chloride is derived from the hydroxide 
by neutralizing with hydrochloric acid. Its mercurichloride exists as 
white needles, m. p. 169°; the platinichloride as yellowish-red crystals 
melting at 189°, while the aurichloride crystallizes in needles melting at 
LIP fas 

The arsonium hydroxide has been obtained in impure form from the 
corresponding iodide or its mercuriodide and moist silver oxide. When 
distilled it decomposes, yielding principally tri-n-propylarsine oxide.*74 


Tetraisopropylarsonium iodide, prepared like the. normal compound 
from arsenic and isopropyl! iodide, crystallizes in colorless needles dark- 
ening at 150°, readily soluble in alcohol and insoluble in ether.*”* Its 
mercurilodide consists of yellow needles, m. p. 114°; insoluble in water 
or ether but soluble in acetone. The arsoniwm hydroxide, obtained in 
the usual manner from the iodide, reacts with hydrochloric acid yielding 
the corresponding chloride.**® The latter forms a mercurichloride which 
crystallizes in needles soluble in acetone or hot water, and melting at 
171°; its platinichloride decomposes at 211°, while the aurichloride, m. p. 
186-8°, decomposes on exposure to light.°77 


Tetraallylarsonium iodide mercurtwodide, (C;H;),Asl.Hgl., from 
mercuric arsenide and allyl iodide at water-bath temperature, crystal- 
lizes in yellow leaflets or plates, m. p. 74°; sparingly soluble in alcohol, 
readily in acetone. With freshly prepared silver chloride the double 
salt, (C;H;),Asl.HgCh, m. p. 72.5°, results." Other allylarsonium 
compounds, such as the hydroxide, chloride and double salts of the latter 
can only be obtained in the form of oils. 


Tetra-n-butylarsonium iodide, (CsHy),AsI, from arsenic and n-butyl! 
iodide at 170-80°, forms small needles decomposing at 145-50°; soluble 
in water or alcohol and insoluble in ether.**® The mercuriodide consists 
of yellow needles, m. p. 109°; soluble in acetone, insoluble in water or 
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ether.*®° The hydrowide and chloride are obtained like the correspond- 
ing derivatives previously described. The mercurichloride is a radiating 
crystalline mass; the platinichloride, reddish-yellow crystals gradually 
darkening and finally decomposing at 220°; the aurichloride, needles 
melting indefinitely at 131°.°* 


Trimethylethylarsonium iodide, (CH,);(C.H;)AsI, is prepared by 
heating ethylarsine with an excess of methyl iodide: 


C.H,AsH, + 3CH;I —~ (CHs)3(C2H;) AsI + 2H. 


It consists of lustrous needles softening at 300° and sintering at 320°; 
soluble in water, chloroform or hot alcohol, difficultly so in cold alcohol 
or concentrated potassium hydroxide solution and insoluble in ether.**? 


Trimethylallylarsonium iodide, (CH;)3(CsH;)AsI, is derived from 
methyl iodide and dimethylallylarsine.*** 


Trimethyl-w-bromoethylarsonium bromide, 
(CH;)3(CH.Br.CH,) AsBr, 


from trimethylarsine and ethylene bromide in a closed vessel at 100-105°, 
crystallizes from hot alcohol in fine prismatic plates, m. p. 239°; very 
easily soluble in water but difficultly in cold alcohol. The corresponding 
picrate, m. p. 189°, is difficultly soluble in cold water or alcohol but 
more readily in hot. When heated with water in a closed vessel at 
180° for four hours, the above bromoethyl compound is converted into 
trimethyl-w-hydroxyethy.arsonum bromide, a deliquescent solid melting 
at 219°, soluble in alcohol and insoluble in ether.*8* The corresponding 
arsonium chloride, (CH;),;(CH,OH.CH,)AsCl, is prepared from tri- 
methylarsine by heating with glycol chlorhydrin at 120-5° for four hours 
in a closed vessel. It forms very deliquescent, prismatic crystals, m. p. 
218-20°; very easily soluble in alcohol, slightly so in chloroform and 
insoluble in ether. Its aqueous solution yields no precipitate with 
hydrogen sulfide. It forms a crystalline mercurichloride; yields a white 
precipitate with Mayer’s reagent; a brown, greasy precipitate with potas- 
sium iodide, and a voluminous white deposit with phosphotungstic acid. 
The corresponding arsonium iodide consists of deliquescent needles easily 
soluble in alcohol; the sw'fate is also deliquescent, dissolves in alcohol, 
and. melts at 240°; the diiodosalicylate is stable in air, easily soluble in 
water, insoluble in ether and melts at 140°; the picrate, prisms melt- 
ing at 249°, is difficultly soluble in cold water or alcohol, readily in hot 
water or acetone and insoluble in ether or cold benzene. The arsonium 
hydroxide, (CH;);(CH,OH.CH,)As.OH, prepared from the correspond- 
ing chloride in the usual manner, is a thick mass having the odor of 
trimethylarsine and reacting strongly alkaline. It is easily soluble in 
water or alcohol and insoluble in ether.*8* 
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Triethyl-w-bromoethylarsonium bromide, (C.H;),(CH.Br.CH.) AsBr, 
is prepared by the interaction of triethylarsine and ethylene bromide in 
a sealed tube at 50° ** or at 100-105°.*8° It forms rhombic dodecahedra 
readily soluble in water or hot alcohol and melting at 225°. With silver 
chloride it yields the corresponding arsonium chloride; heating with 
water at 180° converts it into the hydroryethylarsonium bromide,?** 
while moist silver oxide liberates hydrobromic acid, forming triethyl- 
vinylarsonium hydroxide, (C.H;);(CH, = CH)As.OH. This is in direct 
contrast with the corresponding phosphorus compound which under the 
same conditions yields triethyl-w-hydroxyethylphosphonium hydroxide. 
When the above vinylarsonium hydroxide is neutralized with hydro- 
chloric acid it yields the corresponding chloride which forms a platini- 
chloride consisting of moderately soluble octahedra, and also a sparingly 
soluble, yellow, crystalline aurichloride.?! 


Triethyl-w-hydroxyethylarsonium chloride, 
(C,H;),(CH,OH.CH,) AsCl, 


is prepared from triethylarsine and glycol chlorhydrin at 120-5°.. It 
forms fine deliquescent needles very easily soluble in alcohol but insolu- 
ble in ether. The corresponding diiodosalicylate is stable in air, melts 
at 118°; is easily soluble in water or alcohol but insoluble in ether; the 
triborate is stable in air and easily soluble in hot water or alcohol; the 
picrate is fairly easily soluble in hot, difficultly so in cold water, insoluble 
in ether and melts at 152°. The corresponding arsonium hydrowvide, 
prepared from the chloride in the usual manner, is a thick mass resem- 
bling the trimethyl homologue.*** 


Dimethyidiethylarsonum iodide, (CH;)2(C.H;)2AsI, consists: of 
colorless prisms obtained by the action of ethyl iodide on cacody! in a 
sealed tube at ordinary temperature: °*° 


(CHs) As. + 2C,H;I —> (CH;)2(C2H;).AsI + (CH,).AslI. 


It combines with iodine to the triiodide—brown needles with a metallic 
luster.28° The corresponding bromide is derived from cacodyl and ethyl] 
bromide at ordinary temperature; the chloride from cacodyl and ethyl 
chloride at 180°. The latter forms a platinichloride (orange-red needles) , 
a mercurichloride (white needles) and an aurichloride (golden-yellow 
needles). The hydroxide, (CH;)2(C2Hs)2As.OH, is made from the 
bromide or iodide and moist silver oxide; *** the neutral sulfate crystal- 
lizes in octahedra soluble in water or alcohol, while the natrate forms 


deliquescent granules. 


Dimethyldi-n-propylarsonum iodide, (CHs3)2(C3H,)2AsI, from 
eacodyl and n-propyl! iodide at 140°, exists as pale yellow crystals. Its 
mercurichloride separates from hot water in white leaflets.°** 
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Dimethyldtisopropylarsonium iodide, from dimethylarsine and iso- 
propyl iodide; white crystals, m. p. 230°; soluble in chloroform.*** 


Dimethyldiallylarsonium iodide, (CH 3).(C3H;)2AsI, from cacodyl 
and allyl iodide,**® or from dimethylarsine and allyl iodide.**° 


Dimethyldiisobutylarsonium iodide, (CHz)2(CysHy)2sAsI, is made by 
heating dimethylarsine and isobutyl iodide in a sealed tube at 110° for 
five hours. It is a white crystalline solid, m. p. 155°; soluble in alcohol 
or chloroform, insoluble in ether.*°* 


Dimethyldiisoamylarsoniwm iodide, (CH;).(C;Hi1)2AsI, consists of 
leaflets obtained from cacodyl and isoamyl iodide.*®? With isoamyl 
bromide the corresponding arsoniwm bromide results.*%* 


Dimethyldicetylarsonium iodide, (CH3)2(CieHs3) 2AsI, from dimethyl- 
arsine and cetyl iodide at 100° for five hours, is a white crystalline solid, 
m. p. 53-4°.958 


Dimethyl-n-propylisoamylarsonium iodide, (CH3)2(C3H;) (C;H,,) AsI, 
from dimethyl-n-propylarsine and isoamyl! iodide at 120°.°% 


Di-n-propyldusoamylarsonum todide, (C3H;).(CsHi1)2AsI, is ob- 
tained from diuisoamylarsine and n-propyl iodide at 160° for two hours.*** 


Methyltriethylarsonium iodide, (CHs) (C.H;);AsI, forms white crys- 
tals on heating methyl! arsine and ethyl iodide at 110° for eight hours.?*° 


Methyltri(B-chlorovinyl) arsonium iodide, (CHs;) (CHCl = CH),AsI, 
exists as lustrous, colorless needles, m. p. 209°. It is formed by heating 
equimolar amounts of the tertiary arsine and methyl! iodide in a sealed 
tube at 100° for 27 hours.**4 


Ethyl-tri-n-propylarsonium iodide, (C.H;)(CsH;)sAsI, from ethyl- 
arsine and n-propyl iodide at 110° for three hours, melts at 237° with 
decomposition, and forms a yellow-white mercuriiodide.*®* 


EKthyltrusopropylarsonium rodide, prepared like the n-isomer, decom- 
peses upon heating according to the following reactions: °° 
(C.H;) (C,H,) sAsl —— (C,;H,),As + C.H;I 
2(C.H;) (C;H,)sAsl —— (CsH,)sAsl. + CiHio + (C,H,),As. 


Kthyltrusoamylarsonuum iodide, (C2Hs) (CsH,:)sAsI, from ethyl- 
arsine and isoamyliodide at 140° for eight hours, crystallizes from alcohol 
in compact crystals unmelted at 250°, easily soluble in isoamyl- or ethyl 
alcohol, difficultly in chloroform and insoluble in ligroin or acetone.?®® 
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a Ethylenehexaethyldiarsonium Compounds, 
(C.H;) a .CH, — H.C - (CLH;)e- 


Xx 
Ethylenchexaethyldvarsonium bromide, 
(C.H;) a .CH, — H.C. a (C.Hs)s, 


Br Br 


is prepared by the addition of triethylarsine and triethyl-w-bromoethyl- 
arsonium bromide at 150°. With moist silver oxide it forms the corre- 
sponding hydroxide, a basic substance which forms salts with min- 
eral acids. The chloride forms a double salt with platinic chloride, 
[ (C,H;),As.Cl.CH,]2PtCl,, a pale yellow precipitate difficultly soluble 
in water, and an aurichloride, [(C.H;),As.Cl.CH,]..2AuCl,—yellow 
crystals.”” 

By condensing triethyl-w-bromoethylarsonium bromide with ammonia 
at 100°, ethylenetriethylarsammonium bromide, 


(C.H,) As. CH, — NS 
| 


Br Br 
is obtained. This behaves like the previous compound. The platini- 
chloride, [ (C.H;)3,(Cl) As.C.H,.NH;.Cl]PtCl,, is obtained as needles 
from hot hydrochloric acid; the aurichloride, 
[ (C.H;)3(Cl) As.C,.H,.NH;.Cl].2AuCl,, 

consists of yellow leaflets.?* 

Triethylarsine and triethyl-w-bromoethylphosphoniumbromide com- 
bine at 100° to ethylenehexaethylphospharsonium bromide, 


(C,H;) a CH, — H.C 7 (C2Hs)s. 


Br Br 
With silver oxide in the cold it forms the corresponding hydroxide, which 
decomposes upon warming according to the equation: 
(C,H,;),As.CH, — H,C.P(C.H;); ——> 


OH OH 
(C.H;),;P.CH, —CH,OH + (C.H;);As. 
H 


The base reacts with mineral acids, forming salts which crystallize in 
needles and readily form double salts; the platinichloride, 


[ (C.H;)sAs(Cl) .C2H,.P (Cl) (C2Hs)s]PtCh, 


crystallizes from hydrochloric acid in orange-red, triclinic prisms.** 
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E. Pentaalkyl Arsines, R;As. 


Pentamethylarsine, (CH,;);As, was obtained by Cahours in small 
amounts by the action of zinc dimethyl upon tetramethylarsonium iodide: 


2(CH,;),AsI + Zn(CH;), —— 2(CH;);As + Znl,. 


The main product of the reaction is trimethylarsine from which the less 
volatile pentaalkyl compound is separated by fractional distillation. 
The latter is very unstable, and is decomposed by both iodine and hydro- 
chloric acid to the corresponding tetramethylarsonium compounds: *°7 


(CH) hs lp (Che eed 
(CH,) As + HO) (CH Accl-e cn. 


Chapter III. Unsaturated Aliphatic Arsenicals. 


It has been found that the hydrocarbons or acids of the acetylene 
series react with arsenic trihalides or a mixture of arsenious acid and 
thiony] chloride forming derivatives corresponding to the general formula, 
RC=CR’ , which on subsequent treatment with water yield arsine- 


a 
X AsX, 


oxides, fa = rome With suitable oxidizing agents both these classes 
xX AsO 


of compounds may be converted into the corresponding arsonic acids, 


RG == CRs 
| 
X AsO(OH), 


Chloroarsinosoheptine, C;H,,Cl.AsO, results upon refluxing heptine 
with arsenic trichloride (2 parts) at 100° for 16 hours. After distilling 
off the unchanged arsenic trichloride in vacuo, the oily residue is dis- 
solved in moist ether, and treated with aniline until a filtered sample 
gives no further precipitate with aniline. The whole is finally filtered, 
and the ethereal solution washed first with water containing hydrochloric 
acid and then with pure water until the washings no longer react acid to 
congo. After drying over sodium sulfate, the ether is distilled off in 
vacuo, when the desired arsineoxide remains as a thick, dark liquid 
which slightly attacks the skin.*% 


Bromoarsinosooctine, CgH,,Br.AsO, similarly prepared from octine 
and arsenic tribromide, is a dark brown, oily liquid miscible in all pro- 
portions with ether, chloroform or benzene.*°* 

Phenylpropiolic acid and arsenic trichloride react as above to form 
colorless leaflets easily soluble in hot acetone, chloroform or benzene, 
less so in ether and insoluble in water. When arsenic tribromide is em- 
ployed there are obtained yellowish-brown crystals, m. p. 255-8°; soluble 
in acetone or benzene, practically insoluble in petroleum ether and 
entirely so in water. With caustic alkalis at low temperature the above 
two propiolic acid derivatives yield the corresponding alkali salts.*°° 


Chloroarsinostearolic acid, C1sH;.0,Cl.AsO, is prepared by heating 
stearolic acid with arsenic trichloride in a closed vessel at 140° for six 
hours, and removing the unchanged inorganic arsenic from the reaction- 
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product either by distilling in vacuo or by dissolving the whole in ether, 
and shaking repeatedly with water. The ethereal solution is carefully 
concentrated, poured into cold aqueous caustic potash, and the resulting 
solution finally acidified with hydrochloric acid. The precipitated fatty 
mass is then dissolved in ether, the solution dried with calcium chloride 
and the solvent evaporated off.4°° The same product may be obtained 
by heating stearolic acid with powdered arsenic and sulfuryl chloride at 
145° for 5-6 hours.*° By purification with petroleum ether, it is obtained 
as a brownish, semi-fluid product insoluble in water but soluble in the 
usual organic solvents. The strontium salt, (C,.H,,0.Cl.AsO).Sr, pre- 
pared by dissolving the acid in alcohol and pouring into a well-cooled 
methyl alcoholic solution of strontium chloride saturated with ammonia, 
is a flesh-colored powder insoluble in water. The calcium salt has 
essentially the same properties. The ethyl ester is derived from the acid 
by warming with ethyl alcohol and sulfuric acid. It is a brown oil 
easily soluble in chloroform or benzene but insoluble in water.*° 


Bromoarsinosostearolic acid is a semi-solid mass obtained by passing 
hydrogen bromide into a mixture of stearolic acid, arsenic trioxide and 
anhydrous magnesium sulfate for one hour at 135°, and maintaining the 
whole at the same temperature for ten more hours.*°% 


Chloroarsinosobehenolic acid, Co.H4y,O.Cl.AsO, may either be pre- 
pared like the stearolic acid derivative; *°* by passing dry hydrogen 
chloride into a mixture of behenolic acid, arsenic trioxide and anhydrous 
cupric sulfate at 140°, until all of the arsenic trioxide has disappeared 
and then heating for 5-6 hours at the same temperature; *°° or by heating 
a mixture of behenolic acid and arsenic trioxide with thionyl chloride 
at 135° for six hours, and treating with alkali.*°! The product is a pale 
brownish-red oil insoluble in water, but easily soluble in alcohol, ether, 
benzene, chloroform or olive oil. When heated in a test tube, it decom- 
poses with the formation of an arsenic mirror. On treating its alcoholic 
solution with normal potassium hydroxide and warming on a water-bath 
for two hours it decomposes, yielding behenolic acid, which may be 
isolated by cooling the liquid and saturating with hydrochloric acid. 
It reacts vigorously with thionyl chloride, the product condensing with 
aniline to form chloroarsinosobehenolanilide.*? Its alkali salts resemble 
soaps and are soluble in water. A: carefully neutralized solution of the 
potassium salt may be kept for several hours without decomposition, 
but in the presence of an excess of alkali, hydrolysis occurs. The stron- 
tium salt, known as “Elarson,” is prepared like the corresponding salt 
of stearolic acid, and is insoluble in water, difficultly soluble in alcohol, 
ether or olive oil, decomposes when strongly heated, and yields the acid 
derivative when treated with cold dilute hydrochloric acid in the pres- 
ence of a little ether. The calcium salt has also been prepared.*°® The 
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ferric salt is a red-brown powder insoluble in water or alcohol; the basic 
ferric salt is a light-brown powder insoluble in water or Plconolt ace 
while the yohimbine salt is a faintly colored powder, m. p. 90°, soluble 
in water, alcohol or acetone.*** The methyl ester, from methyl beheno- 
late and either arsenic trichloride or arsenic trioxide and thionyl chlo- 
ride,*°? or from chloroarsinosobehenolic acid by warming with methyl 
alcohol and concentrated sulfuric acid,’ is a brown oily liquid easily 
soluble in ether or benzene but difficultly so in alcohol.#°” 


Chloroarsinosobehenolic anhydride, from behenolic anhydride and 
arsenic trichloride, is a brown, fairly solid mass easily soluble in benzene 
or chloroform.*°? 


Bromoarsinosobehenolic acid is a brown, semi-solid compound pre- 
pared like the chloro compound from arsenic tribromide.*°® Its anhy- 
dride is derived from the above acid by dissolving in benzene, treating 
successively with pyridine and a 25 per cent phosgene-benzene solution, 
and allowing to stand for two days. It is a brown mass easily soluble 
in benzene or chloroform.*°? 


Chloroheptinearsonic acid, C,;H,,Cl.AsO(OH),, is formed upon 
oxidizing the corresponding arsineoxide with hydrogen peroxide in acetone 
solution. It crystallizes from hot water in clusters of white needles 
melting at 115°. Its monosodium salt consists of lustrous white leaflets 
easily soluble in water.®%® 


Bromooctinearsonic acid, CsH,,Br.AsO(OH)., is either prepared 
from the arsineoxide like the preceding acid or directly from octine and 
arsenic tribromide. The latter two substances are warmed together on 
a steam-bath for 15 hours, the unchanged arsenic tribromide distilled off 
in vacuo, and the residue oxidized with bromine in dry carbon bisulfide 
solution. The product crystallizes from hot water in long, colorless, 
lustrous needles melting at 129-30°.°°8 

The methyl ester of chlorobehenolarsonic acid, 


Co2H9(CH;)O02,C].AsO(OH)., 


is prepared by oxidizing the methyl ester of the corresponding arsinoso 
compound with bromine in carbon bisulfide solution at low temperature, 
and purifying through the strontium salt. The acid is a thick, yellowish 
oil decomposed by strong heating, and easily soluble in alcohol, ether, 
chloroform, benzene or petroleum ether. On boiling with methyl alcoe 
holic potash, the methyl group is split off, yielding a dibasic acid.*°” 

An arsenical derivative of distearine hi as been obtained by heating it 
with alcoholic arsenic acid either under ordinary pressure or in vacuo for 
ten hours at 135-40°. The solidified reaction mass is dissolved in hot 
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carbon tetrachloride, filtered, the solvent distilled off, and the residue 
extracted with low-boiling petroleum ether to remove the unchanged 
distearine. It may also be prepared by grinding distearine together 
with arsenic acid and heating in an autoclave at 120-40° for 14 hours. 
The product is a fatty mass, m. p. 85-7°; easily soluble in chloroform, 
hot alcohol or ether but difficultly in petroleum ether.*°? 


Chapter IV. Trivalent Aromatic Arsenicals. 
A. Primary Derivatives. 


1. Aryl Arsines, RAsH,.—Although the corresponding aliphatic com- 
pounds possess very feebly basic properties, the unsubstituted primary 
aromatic arsines are entirely devoid of such characteristics. The products 
containing nuclear substituents, however, behave both like arsines and 
the corresponding non-arsenated organic compounds. They may be 
generally prepared by reducing arsonic acids, arsineoxides or arseno 
compounds with nascent hydrogen in acid solution: 


RAsO(OH), + 4H, ——> RAsH, + 3H.O0 
RAsO ++ 2H, —— RAsH, + H.O 
RAs = AsR -++ 2H, ——> 2RAsH.. 


In several instances it has been found possible to reduce arsonic acids 
electrolytically. The arsines are generally solids, with the exception of 
a few which are liquids. By regulated oxidation they may be converted 
into arseno compounds, arsineoxides or arsonic acids: 


2C,H;AsH, + O, —~ C,H;As = AsC,H; + 2H,0 
C,H,AsH, + O, ——~ C,H;AsO + H.O 
2C,H;AsH, + 30, ——~> 2C,H;AsO(OH)>. 


When treated with halogens, replacement of the hydrogen occurs, yield- 
ing dihalogenated arsines: 
MS 
RAsH, + X, ——— RAsHX.HX ———> RAsHX + HX ——~> 
RAsX,. HX ———> RAsX, + HX; 


while with alkyl halides they form aryltrialkylarsonium halides: 
RAsH, + 3R’X ——> RR’,AsX + 2HX. 


The arsines form various arseno derivatives with compounds of the type 
RAsO, RAsCl., RSbO, RSbCl,, SbCl, and BiCl, or BiBrs: 


RAsH, + RAsO ——~ RAs = AsR + H,0 
RAsH, + RAsCl, —~ RAs = AsR -+ 2HCl 
RAsH, + SbCl, —~ RAs = SbCl + 2HCI. 


They may also be condensed with aldehydes, forming bis-a-hydroxy- 
tertiary arsines, tetrahydro-1,4,2,5-dioxdiarsines or arseno compounds, 
depending upon the conditions of the experiment. 
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Phenylarsine, C;H;AsH,—Pure calcium phenylarsonate is mixed in 
a reflux apparatus with an excess of amalgamated zine dust, the mixture 
covered with water and a layer of ether, and reduction effected by adding 
hydrochloric acid at the rate of 5-10 drops per minute. The ethereal 
layer is then dried over calcium chloride and distilled, the arsine coming 
over at 93°/70 mm. It is preserved in an atmosphere of carbon 
dioxide.!!® #4 The arsine may also be prepared from phenylarsonic acid 
by reducing either’ in a similar manner,‘”? or electrolytically in an 
aqueous alcoholic hydrochloric acid medium.*** The product is a color- 


less, highly refractive oil, b. p. 148°/760 mm., 93°/70 mm.; doe , 1.356; 


has an odor like phenylisocyanide, but on dilution it resembles that of 
hyacinths; is readily soluble in alcohol, ether or carbon bisulfide, and 
oxidizes on exposure to air, forming arsenobenzene, phenylarsineoxide and 
phenylarsonic acid. It produces painful blisters on coming in contact 
with the skin, and is highly irritating to the mucous membrane. Heated 
for three hours at 240° in a sealed tube with carbon dioxide, it decom- 
poses into triphenylarsine: 


3C,H;AsH, ——> (C,H;),As + As, + 3H,.** 


With bromine it yields bromobenzene and arsenic tribromide, phenyldi- 
bromoarsine being formed as an intermediate product: 


C,H,AsH, + 2Br. ———> C,H;AsBr, + 2HBr ati C,H;Br + AsBr;; 
with iodine it forms phenyldiiodoarsine and phenylarsonic acid: 
2C,H;AsH, + 101 + 3H,0 ——» C,H;AslI, + C,H;AsO,;H, + 8HI; 


while with alkyl iodides phenyltrialkylarsonium iodides result. 

Various aldehydes are reduced by the arsine with the formation of 
arsenobenzene and either the corresponding aleohol or other reduction 
products. Thus, with benzaldehyde, anisaldehyde, p-chlorobenzaldehyde 
or cinnamic aldehyde the reaction proceeds according to the following 
equation: 

2C,H;AsH, + 2RCHO ——> C,H;As = AsC,H; ++ 2RCH.OH; 


with m-nitrobenzaldehyde, the products are arsenobenzene and an un- 
identified substance containing a reduced nitro group, the latter assump- 
tion being based on the fact that phenylarsine reduces nitrobenzene, 
forming hydrazobenzene and arsenobenzene: 


4C.H;NO, + 10C,H,AsH,. ——> 2C,H;NH.HNC,H, + 5C,H;As = 
AsC,H, + 8H.0; 


with crotonic or salicyl aldehyde there are obtained arsenobenzene and 

other products as yet unidentified, while with chloral or chloral hydrate 

the end products are acetylaldehyde and phenyldichloroarsine: 
3C,H;AsH», + 2CCl,;. CHO ——> 3C,H,AsCl, + 2CH,CHO, 
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During the latter reaction a slight amount of arsenobenzene also results 
due to the interaction of phenylarsine and the dichloroarsine.*!® 

The arsine has been condensed with acetaldehyde, paraldehyde, pro- 
pionaldehyde, butyraldehyde, isovaleraldehyde, n-heptylaldehyde, ben- 
zaldehyde, p-chlorobenzaldehyde, p-methoxybenzaldehyde and o-carboxy- 
methoxybenzaldehyde to form the corresponding bis-(a-hydroxy alkyl or 
aryl) phenylarsines; and with paraformaldehyde, acetaldehyde, propion- 
aldehyde, butyraldehyde, isovaleraldehyde and furfural, yielding tetra- 
hydro-1,4,2,5-dioxdiarsines.41® 417 


4-Methylphenylarsine, (CH;)C.H,AsH., obtained by reducing 
p-tolylarsonic acid according to the method employed for the prepara- 
tion of phenylarsine, is a colorless liquid, b. p. 113.5°/44 mm. By freez- 
ing it can be obtained as white lustrous plates, m. p. 20°.4!8 It has been 
condensed with both paraldehyde and benzaldehyde. 


2-Methylphenylarsine, prepared like the preceding isomer, is a color- 
less oil, b. p. 121°/93 mm. On exposure to air it rapidly oxidizes to the 
arseno compound, which can be separated from traces of the arsonic 
acid formed at the same time by means of sodium hydroxide.*’® Con- 
densation products of the arsine with paraldehyde and benzaldehyde have 
been prepared. 


Benzylarsine, C-H;.CH.AsHz, is made from the corresponding arsonic 
acid like the previous compounds.’** It is a faintly yellow liquid boiling 
at 140°/262 mm., and forming a black, amorphous platinichloride, 
C,H,AsH.,.PtCl,. Heated with hydriodic acid at 140° for one hour, 
the arsine yields hydrogen, a brown-black solid and an oil (evidently 
benzyldiiodoarsine) ; with bromine at ordinary temperature, hydrogen, 
transparent crystals and a heavy dark oil result. On exposure to air 
the arsine is oxidized to benzylarsonic acid and a red product, arseno- 
phenylmethane (C,H;.CH,.As = As.H.CC,H;), while heating in a 
sealed tube for two hours at 250° produces a black polymer of arseno- 
phenylmethane, (C;H,As).: 

4C,H,;CH.AsH, ——> (C.H;CH-As). + 4Hb. 
4-Chlorophenylarsine, CiC.H,AsH2, from 4-chlorophenylarsonic acid 
by reduction with zinc amalgam and concentrated hydrochloric acid in 
methyl! alcohol,”° is a liquid, b. p. 116°/33 mm., 159°/200 mm.; distill- 
able in steam. When cooled it crystallizes in thin, transparent leaves, 
m. p. 30.5-30.7°. 


2-Chlorophenylarsine, prepared like phenylarsine, boils at 206° and 
is distillable in steam.*** 


4-Aminophenylarsine, (H.N)C.H,AsH,.—p-Arsanilic acid dissolved 
in methyl alcohol is reduced with zinc dust and concentrated hydro- 
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chloric acid, the filtrate rendered alkaline, distilled in steam and the 
distillate extracted with ether. After distilling off the solvent, the arsine 
remains as a colorless oil, b. p. 182°/10 mm,; soluble in alcohol, ether or 
glacial acetic acid but only sparingly in water. It oxidizes very readily 
in the air, turning yellow and forming 4,4’-diaminoarsenobenzene. Upon 
heating it darkens and finally decomposes at about 130°.47? The arsine 
may also be obtained by the electrolytic reduction of the above arsonic 
acid in mineral acid solutions with the exclusion of air.*?° 


4-Acetylaminophenylarsine, (CH;CO.HN)C,H,AsH,, obtained by 
reducing the corresponding arsonic acid with zine dust and hydrochloric 
acid, is a white powder soluble in methyl alcohol or dilute hydrochloric 
acid.224 


N-(p-Arsylphenyl) glycine, [Phenylglycine-4-arsine], 
(HOOCCH,.HN)C,H,AsHh,. 


The corresponding arsonic acid is dissolved in concentrated hydrochloric 
acid and reduced at moderate temperature by the gradual introduction of 
zinc dust. A yellow precipitate is first formed; this dissolves to a yellow 
solution which finally becomes colorless. Sodium acetate is then added 
to the filtrate, a white precipitate of the zine salt of phenylglycine-4- 
arsine separating out. This is warmed with an excess of aqueous sodium 
carbonate solution, the resulting zine carbonate filtered off, and the 
filtrate acidified with hydrochloric acid. The free arsine separates as a 
faint yellow precipitate very difficultly soluble in water, alcohol or ether. 
It assumes a deeper yellow coloration on exposure to air, and decom- 
poses when heated at 100°.4?? 


4-Hydroxyphenylarsine, HO.C,H,AsH,, results upon reducing the 
corresponding arsonic acid in methyl alcohol. It is isolated by filtering 
the reaction mixture, extracting the filtrate with ether, removing the 
arsine from the extract by means of caustic soda, and reprecipitating by 
a current of carbon dioxide. It is a white powder gradually turning 
yellow and finally red due to oxidation to 4,4’-dihydroxyarsenobenzene. 
It is soluble in caustic soda, sparingly so in water, alcohol or ether; 
darkens at 75°, and decomposes at 155° without melting.*22 


3-Amino-4-hydroxyphenylarsine, (H.N) (HO)C,H,AsH2, — 3,3’-Di- 
amino-4,4’-dihydroxyarsenobenzene dihydrochloride (arsphenamine) is 
suspended in concentrated hydrochloric acid and reduction effected by 
gradually adding zinc dust at 40°. After dilution with water, the excess 
zinc dust is filtered off, the filtrate first treated with saturated sodium 
acetate solution, and then extracted with ether. The ethereal layer is 
separated, filtered and the filtrate evaporated to dryness in an atmos- 


* 
TRIVALENT AROMATIC ARSENICALS 107 


phere of nitrogen, when a white crystalline deposit of the arsine is 
obtained. The crude product is purified by repeatedly dissolving in 
caustic soda solution and reprecipitating with glacial acetic acid at low 
temperature in an atmosphere of nitrogen. A variation of this procedure 
consists in adding an excess of methyl alcoholic hydrochloric acid to 
the above filtered ethereal extract, evaporating the resulting solution 
to dryness in an atmosphere of nitrogen, dissolving the residue in a slight 
amount of water, and precipitating the arsine with alkali. The whole 
is then extracted with ether and the ethereal solution evaporated to 
dryness as in the previous instance.1?5 

The same arsine has also been obtained by reducing 3-nitro-4- 
hydroxyphenylarsonic acid with zine and concentrated hydrochloric acid 
at moderate temperature. At the beginning of the reduction a pre- 
cipitate forms which finally redissolves to a dark solution. This is 
diluted with water, the solution warmed until colorless and then filtered. 
On cooling, the double zinc salt separates; this is decomposed with 
sodium acetate and the arsine removed by extraction with ether. From 
the latter it is extracted by means of caustic soda solution and repre- 
cipitated by acetic acid.*?? The yields thus obtained are very small. 

A modification of this method consists in dissolving the nitro arsonic 
acid in ethyl alcohol, reducing with zinc dust and hydrochloric acid, and 
introducing the filtrate into aqueous sodium acetate solution. After 
standing for some time in the cold, the arsine separates out.*?® 

The pure product is a white powder with a yellowish tint, soluble in 
dilute caustic soda, hydrochloric acid, ether, methyl or ethyl alcohol, and 
insoluble in acetone, benzene, toluene, chloroform, carbon tetrachloride 
or carbon bisulfide. On heating it decomposes without melting.42® The 
arsine forms an N-condensation product with 3-sulfobenzaldehyde in 
alkaline solution,*?’7 and yields codrdination products with auric chloride, 
silver nitrate or copper chloride. The gold compound is a brown powder 
readily soluble in water, alkalis, acids or methyl alcohol; the silver 
derivative is a black powder soluble in water, acids or alkalis, while the 
copper compound is a yellowish-red powder soluble in concentrated 
alkalis. They are prepared by bringing the two constituents together 
in methyl alcohol-hydrochloric acid and precipitating with ether.** 


3-Carbethoxyamino-4-hydroxyphenylarsine, 
(C,H;OOC.HN) (HO) C,.H;AsH2, 


is a white crystalline powder, m. p. 155-60°; prepared by the electro- 
lytic reduction of the corresponding arsonic acid. By treating with sul- 
furous acid and subsequently hydrolyzing, 3-amino-4-hydroxyphenyl- 
arsine is obtained.*2? With palladous chloride in methy] alcohol-glacial 
acetic acid solution it forms a black addition product which is precipi- 
tated by ether,*** 


r 
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4-Carboryphenylarsine, HOOC.C,H,AsH;, results when the corre- 
sponding arsonic acid is reduced with zine dust and hydrochloric acid in 
methyl alcoholic solution. It crystallizes from ether in colorless, com- 
pact, prismatic crystals, m. p. 79-80°; readily soluble in alcohol, acetone, 
ether, glacial acetic acid, chloroform or hot water, less so in benzene or 
ligroin. It rapidly oxidizes in the presence of moisture to the arseno 
derivative, but when preserved for a prolonged period in a dry condition, 
it is converted into the arsineoxide.’* 


Methyl ester of 3-carboxy-4-aminophenylarsine (Methylanthranilyl- 
arsine), (CH,0OC) (H.N)C.H;AsH;, prepared from the corresponding 
arsonic acid by reduction with zinc and hydrochloric acid, is a difficultly 
soluble, yellow powder.**° 


2. Condensation Products of Aryl Arsines with Aldehydes.\® *7— 
Under certain definite conditions it is possible to direct the course of 
reaction between primary aromatic arsines and aldehydes in three dif- 
ferent ways, according to the following equations: 


1. RAsH, + 2R’CHO —— RAs(CH.OH.R’)>. 


in 
O—CH 
ve os 
2. RAsH, + 4R’CHO —> RAs AsR + 2R’CH,OH. 
»s a 
Ge —O 
R/’ 


3. 2RAsH, + 2R’CHO ——> RAs = AsR-+ 2R’CH.OH. 


The first reaction readily takes place when the arsine and an excess 
of aldehyde (aromatic or aliphatic) are vigorously stirred together at 
low temperature in the presence of a little concentrated hydrochloric 
acid, either with or without a solvent. Although anhydrous hydrochloric 
acid gas is most efficient in the case of aromatic aldehydes, it cannot be 
employed with aliphatic aldehydes. The resulting bis-a-hydroxytertiary 
arsines, RAs(CHOHR’)., which are generally oils in the aliphatic series 
and solids in the aromatic, decompose on strong heating over a free 
flame into aldehyde and arsine, the latter becoming immediately oxidized 
to arsenobenzene in the presence of air. They are stable toward water, 
cold or hot dilute alkalis and cold dilute acids; are, as a rule, slowly 
oxidized in the air, more rapidly in carbon tetrachloride solution, and 
readily by oxidizing agents such as potassium permanganate or nitric 
acid, the products being an aryl arsonic acid and the respective aldehyde: 


RAs(CHOHR’), + 30 —~ RAsO(OH), + 2R’CHO. 
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The aliphatic derivatives may be titrated quantitatively with iodine in 
ether solution as follows: 


RAs(CHOHR’), + 21, 


— RAsI, + 2HI + 2R’CHO. 


With the aromatic aldehyde derivatives iodine reacts slowly, but quan- 
titative titration is impossible. Bromine reacts violently with these 
condensation products leaving a heavy reddish oil, which behaves like 
phenyldibromoarsine with nitric acid, yielding an arylarsonic acid and 
free bromine. The reaction is probably similar to that of iodine, although 
the formation of an aldehyde has not been proven. Chlorine also behaves 
like iodine, producing first an aryl dichloroarsine, which by the continued 
action of the halogen in the presence of water is oxidized to the arsonic 
acid. With phosphorus pentachloride aryl dichloroarsines and the parent 
aldehydes are formed: 
RAs(CHOHR’), + PCl, —~ RAsCl, + 2HCl + 2PCl, + 2R’CHO, 

while phenyldichloroarsine produces arsenobenzenes and the original 
aldehydes: 


C,H;As(CHOHR),. + C,H,AsCl, —~> 
C,H,As = AsC,H; + 2HCl + 2RCHO. 


In the cold without a solvent, in pyridine solution, or in the Schotten- 
Baumann reaction acid chlorides are without effect. Toward reducing 
and dehydrating agents (excepting anhydrous hydrogen chloride, acid 
chlorides, or anhydrides under certain conditions) these compounds are 
very stable. The aliphatic derivatives form unstable addition products 
with haloid acids and stable compounds with chloroplatinic acid, but. do 
not react with the Grignard reagent. 

The second type of compounds, tetrahydro-1,4,2,5-dioxdiarsines, can 
be obtained directly from primary aromatic arsines and aliphatic alde- 
hydes by allowing a mixture of the components to remain for a day or 
two in the presence of anhydrous hydrogen chloride at ordinary tem- 
perature. Similar compounds with aromatic aldehydes have not yet 
been isolated. The reaction takes place in two steps: first, bis-a- 
hydroxytertiary arsines are formed, which subsequently condense to 
tetrahydro-1,4,2,5-dioxdiarsines by the loss of two molecules of alcohol, 
thus: 


CHOHR’ H/OCHR’ O— CH.R’ 
We NS ~ ‘ 
RAs AsR ———> Ree ae -+ 2R’CH,OH. 
Pe ls : 
R’CHO H R’HOCH: R’.CH—O 


The same products may be obtained by the action of acetyl chloride, 
acetic anhydride or anhydrous hydrogen chloride upon bis-o-hydroxy- 
tertiary arsines prepared from aliphatic aldehydes. 
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The dioxdiarsines are stable toward water, dilute acids or alaklis 
and even hot 10 per cent alcoholic caustic potash. They are oxidized 
by air to aryl arsineoxides and aldehydes, while with stronger oxidizing 
agents such as nitric acid, aryl arsonic acids and aldehydes are obtained. 
With iodine in ether solution they decompose to aldehydes and ary! di- 
iodoarsines, while with phosphorus pentachloride they yield aryl dichloro- 
arsines. They are decomposed by haloid acids, and form double salts 
with chloroplatinic acid or cupric chloride. 

The reduction of aldehydes by aromatic primary arsines as repre- 
sented by equation 3 takes place either at higher temperature with or 
without a catalyst, or on standing fora long time at room temperature 
without a catalyst. If, however, the aldehydes and arsines are mixed 
in proportions different from those indicated in the equation, the reactions 
take place in a somewhat different way and more complex products are 
formed. 


Bis-(a-hydroxyalky! or aryl) arylarsines. 


Bis- (a-hydroxyethyl) phenylarsine, C;H;As(CHOHCHS),. ared 
from phenylarsine, acetaldehyde or paraldehyde and a slight amount of 


concentrated hydrochloric acid. It is a colorless oil; ds oo 1.252; sp 
1.5619. With hydriodic acid it forms a yellow hy driodide m. p. 94-6°; 
insoluble in water, slightly soluble in organic solvents and _ stable 
toward alkali; the hydrobromide melts at 117-8°; the chloroplatinate, 
C.H;As(CHOHCH;)2.H.PtCl, is a pale yellow powder, m. p. 
1692705 44 


Bis-(a-hydroxy-n-propyl) phenylarsine, CsH;As(CHOHC.H;)., is a 
colorless oil; d 25 Awe a3) 25 1.5425; its chloroplatinate melts at 


257 De 
148-9° 482 
Bis- (a-hydroxy-n-butyl) phenylarsine, Cy sH; As (CHOHC,H;)», color- 
less oil, b. p. 187°/10 mm.; d a 1.116; reel 5271; hydriodide, m. p. 


157-8°; hydrobromide, m. p. 111-12°; chloroplatinate, m. p. 119-21°.4%2 


Bis- (a-hydroxytsovaleryl) phenylarsine, CysH;As(CHOHC,H,)., eolor- 
less oil, b. p. 170°/6 mm.; d oe 1.079; oe , 1.5202. By strong cooling 
and subsequent recrystallization from ether it is obtained as needles, 
in. p. L2°; chloroplatinate, m. p. 84-5°.*%2 

Bis- o-hydroxy-n-heptyl) phenylarsine, CsH;As(CHOHC,H,,)., b. p. 
263-4° /2 mm.; Cae 1.069; i 1.4650. Upon freezing it solidifies but 


does not Roetiia @ 
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Bis-(a-hydroxybenzyl) phenylarsine, CyH;As(CHOHC,H;)., white, 
silky needles, m. p. 193°; insoluble in water, slightly soluble in hot 
alcohol or ether, more readily in hot benzene or chlorobenzene.*** 


Bis- (a-hydroxy-4-chlorobenzyl)phenylarsine, 
C,.H,As(CHOHC,H.Cl),, 


colorless needles from chlorobenzene, m. p. 164°; more soluble in the 
usual organic solvents than the previous compound.** 


Bis- (a-hydroxy-4-methoxybenzyl) phenylarsine, 
C,.H;As(CHOHC,H,OCH:)., 


yellowish oil insoluble in water, readily soluble in organic solvents except 
petroleum ether.** 


Bis-[0-(carboxymethoxy)-a-hydroxybenzyl| phenylarsine, 
C.H,As (CHOHC,H,OCH,COOH),, 


colorless powder, m. p. 145-7° with loss of carbon dioxide; soluble in 
glacial acetic acid. It forms a disodium salt.**4 


Bis-(a-hydroxyethyl) p-tolylarsine, CH ;.C,H,As(CHOHCH,),. — 
When a mixture of paraldehyde, p-tolylarsine and a few drops of hydro- 
chloric acid are allowed to stand for 15 hours there is obtained a color- 


less oil, b. p. 176-7°/22 mm.; d. ae 1.2831 0 Ne 1.5570. It oxidizes 


readily on exposure to air.**° 


Bis- (a-hydroxybenzyl) p-tolylarsine, CH, C,H.As(CHOHC. He. 
white needles from benzene-alcohol mixture, melting at 208°.*!8 

Bis-(a-hydroxyethyl) o-tolylarsine, a colorless oil, b. p. 165°/21 mm.; 
d ah 1.244; n ae 1.5573. It has a shghtly greater tendency to oxidize 


than other analogous compounds.*'® 


Bis- (a-hydroxybenzyl) o-tolylarsine, white needle-like crystals from 
ether, m. p. 140°.*”° 
Bis-(a-hydroxyethyl) 4-chlorophenylarsine, ClC.>H,As(CHOHCHsS)., 


a colorless oil, b. p. 183°/23 mm.; d ae 1.336; n ag 157285" 
Bis- (a-hydroxybenzyl) 4-chlorophenylarsine, 
ClC,H.As(CHOHC,Hs) 2, 
from 4-chlorophenylarsine and benzaldehyde; white, silky needles from 
chlorobenzene-alcohol mixture, m. p. 218-218.5°.*°° 
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Bis-(a-hydroxybenzyl) 2-chlorophenylarsine separates from alcohol or 
ether as white crystals melting at 146-7°.*** 


Tetrahydro-1, 4, 2, 5-dioxdiarsines. 


Tetrahydro-2,5 -diphenyl-1,4,2,5-dioxdiarsine, 
O— CH, 
Ka < 
C.H;As AsC.Hs. 
“a 
CH, — O 


Obtained from paraformaldehyde, phenylarsine and concentrated hydro- 


chloric acid as a colorless oil, b. p. 215-6°/9 mm.; d a 1.547; n 25 


bf 


1.6522; readily oxidizing in air.**+ 


Tetrahydro-3,6-dimethyl-2,5-diphenyl-1,4,2,5-dioxdiarsine, 


O—CH.CH; 
Va ~ 
C,.H;As As . C,H, 
a PA 
CH,.CH — O 
is a colorless oil, b. p. 257°/10 mm. with slight decomposition, d 25 1.369; 


25” 
n ne 1.6332. Prepared either from phenylarsine, acetaldehyde and 


hydrogen chloride; by heating bis-(a-hydroxyethyl) phenylarsine with 
half its weights of acetic anhydride under a reflux condenser in an oil 
bath at 140-50° for seven hours, or by merely allowing bis-(a-hydroxy- 
ethyl) phenylarsine to stand for a few days in the presence of anhydrous 
hydrogen chloride and then distilling. The chloroplatinate melts at 
130-1°; the cuprichloride at 150-2°.4%7 


Tetrahydro-3,6-diethyl-2,5-diphenyl-1,4,2,5-dioxdiarsine, 


O—CH.C.H, 
ral 
C.H,As As.CoH,, 
\ 
G.Hy CH=o 


bape212° + 425 1336: 125. 1.6217.437 
p /2 mm. ; dos 1.336; np? 1.6217: 


Tetrahydro-3,6-di-n-propyl-2,5-diphenyl-1,4,2,4-diordiarsine 
O —_~ CH . C,H 


) 


ra ~~ 
C.H,As AsCoH,, 
~~ 
C,H CH-=0 
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a pale yellow oil, b. p. 241-2°/2 mm.; d ae 1.297; n wt 1.5856; obtained 
from phenylarsine and n-butyraldehyde in the presence of gaseous hydro- 


chloric acid, or by refluxing a mixture of acetic anhydride and bis-(a- 
hydroxy-n-butyl) phenylarsine for six hours.**? 


Tetrahydro-3,6-dusobutyl-2,5-diphenyl-1,4,2,5-dioxdiarsine, 
O— CH.C,H, 


ce ~ 
CcH;As AsC.H,, 
\ oe 
C,H,.CH —O 


from phenylarsine and isovaleraldehyde; an almost colorless oil com- 
on 1296* n 25 1.5869; chloroplatinate, m. p. 
76-7° ; cuprichloride, m. p. 78-9°.48 


paratively stable in air; d 


Tetrahydro-3,6-difuryl-2,5-diphenyl-1,4,2,5-diordiarsine, 
O— CH.C.H,0 


ve Ss 
C,H;As AsC.H;, 
Ds ra 
(CHE OO 1) 


from furfural and phenylarsine, is an insoluble powder resembling zine 
dust in appearance, and burns without melting, leaving no residue.**® 


3. Aryl Dihalogenated Arsines, RAsX,—These compounds were first 
directly prepared by Michaelis from mercury diaryls and arsenic tri- 
chloride according to the equation: 


HgR, + 2AsCl, —> 2RAsCl, + HeCh. 


This method, however, is limited to the preparation of dihalogenated 
arsines with hydrocarbon or phenol-ether residues. In addition, the 
preparation of mercury diaryls is associated with difficulties. On account 
_of these disadvantages it was abandoned in favor of a more convenient 
method, which consists in heating tertiary aromatic arsines (easily pre- 
pared by condensing halogenated hydrocarbons and arsenic trichloride 
by means of metallic sodium) with arsenic trichloride: 


R,As + AsCl,; —~ 3RAsCl.. 


Later, Roeder and Blasi modified the mereury diaryl synthesis by 
employing arylmercurichlorides. These are very conveniently prepared 
by first forming arylmercuriacetates from benzene, its homologues, or 
various derivatives of the same, with mercuric acetate in acetic acid 
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solution, and converting these into the corresponding chlorides by means 
of calcium chloride or some other suitable metallic chloride. The aryl- 
mercurichlorides react with arsenic trichloride at 100° according to the 
equation: 

RHgCl + AsCl, —~ RAsCl, + HgClh. 


In employing this method it is necessary to observe that any carboxyl, 
hydroxyl, amino or other groups present be first protected by alkylation 
or acylation, as otherwise the haloid acid formed will cause mercury 
to split off from the arylmercurichloride. The above reaction is prac- 
tically a general one for the preparation of para substituted arsenicals, 
for it has been established that in mercurating aromatic compounds the 
metal enters the para or ortho position or both, but the para compound 
is much more readily reactive. It is probable, though it has not yet 
been definitely borne out by results, that ortho mercurated compounds 
may be converted into the corresponding dichloroarsines by reacting 
with arsenic trichloride in closed vessels under pressure. 

In addition to these three direct methods, the following indirect pro- 
cedures may also be employed for the preparation of primary aryl 
dihalogenated arsines: 

1. The action of haloid acids upon aryl arsineoxides: 


RAsO + 2HX —> RAsX, + H.O. 


It is not necessary to isolate the arsineoxide itself, as a solution of the 
corresponding arsonic acid in the haloid acid yields the dihalogenated 
arsine upon reduction with sulfur dioxide. This procedure is particu- 
larly useful in obtaining dichloro derivatives. 

2. The reduction of arsonic acids with hydriodic acid: 


RAsO (OH), + 4HI —— RslI, + 3H,0 + I. 
3. The interaction of phosphorus trichloride and arsonic acids: 


RAsO (OH), + PCl, —~ RAsCl, + HPO, + HCl. 


4. From arseno compounds by the action of halogens: 


RAs = AsR + 2X, ——> 2RAsX,. 


The lower members of the series are colorless liquids which can be 
obtained in pure form by distillation under ordinary, but preferably 
under diminished pressure. The higher homologues are crystalline solids 
readily recrystallizable from various organic solvents. The unsubsti- 
tuted members are very poisonous and have a powerfully irritating action 
upon the skin. They possess odors which are faint at ordinary tem- 
peratures but very penetrating and irritating at higher temperatures. 
The compounds are sparingly soluble in water, the higher members being 


TRIVALENT AROMATIC ARSENICALS 115 


slowly converted into the arsineoxides while the lower homologues, as 
a rule, remain unaffected. Alkali hydroxides-or carbonates easily dis- 
solve the dihalogenated arsines, forming the corresponding arsineoxides. 
The dichloro compounds readily absorb chlorine yielding the correspond- 
ing arsinetetrachlorides, but no addition products are obtained with 
bromine, an excess of the latter causing a splitting off of arsenic, e. g., 


C.H;AsCl, + 2Br. ——> C,H,Br, + AsBrCl, + HBr. 


Although they may be converted into arsonic acids by oxidizing agents, 
they are more resistant to such agents than the other trivalent aromatic 
organic arsenicals. An exception is furnished by benzyldichloroarsine 
which is unstable toward water, chlorine or atmospheric oxygen. The 
dihalogenated arsines are converted into arseno compounds either by 
reduction, e. g., with phosphorous acid, or by interaction with primary 
aromatic arsines: 


2RAsX, + 2H, ——~ RAs= AsR + 4HX 
RAsX, + R’AsH, —— RAs = AsR’ + 2HX. 


Sodium alcoholates or phenolates react with dichloroarsines, forming 
esters of arylarsenious acids: 


RAsCl, + 2NaOR’ —-— RAs(OR’), + 2NaCl. 


Phenyldichloroarsine, C;H;AsCl., was first obtained by passing vapors 
of benzene and arsenic trichloride through a heated tube. The product 
thus obtained, however, is always admixed with diphenyl, which cannot 
be readily removed by distillation or crystallization.**® It is more con- 
veniently prepared by gradually adding mercury diphenyl with continu- 
ous stirring to an excess of arsenic trichloride, rapidly heating up to 254° 
and fractionating the filtrate.**® ##° At lower temperatures the product 
is contaminated with phenylmercurichloride. Phenyldichloroarsine is 
also formed on heating phenylmercurichloride with arsenic trichloride at 
100° for four or five hours; #*! by heating triphenylarsine with arsenic 
trichloride in a sealed tube at 250° for 30 hours, fractionating and col- 
lecting the portion coming over at 250-2°; + or by the action of chlorine 
upon arsenobenzene.*#? The product is a colorless, highly refractive, 
somewhat viscid liquid, b. p. 252-5°. At ordinary temperature it has 
a faintly unpleasant odor which at higher temperatures becomes very 
pungent. It has an extremely irritating action upon the skin; is un- 
affected by hot or cold water, but readily dissolves in aqueous caustic 
alkalis, yielding unstable dialkali salts of phenylarsenious acid, which 
are readily soluble in absolute alcohol, and are readily converted into 
the parent compound by means of concentrated hydrochloric acid. The 
dichloroarsine forms no addition product with oxygen either at ordinary 
or elevated temperatures; combines additively with chlorine forming 
phenylarsinetetrachloride, but does not unite with bromine, an excess of 
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the latter causing decomposition with the formation of dibromobenzene, 

arsenic bromodichloride and hydrobromic acid. Primary and secondary 

aliphatic amines react vigorously with the dichloroarsine, yielding com- 
NH.R NR, 


pounds of the types C,H,;As and C,H;As with liberation 


Ne = Cl 
of hydrochloric acid. With butyl and dibutyl amines, for example, the 
NH: Cio; y N(CH)» 
compounds C,H;As and C,H,As respectively are 
‘ Cl x‘ Cl 
NH.C,H; 
obtained, while aniline yields a similar product, C,H;As 
Nol 
which is readily hydrolyzed by moisture to phenylarsineoxide and aniline 
hydrochloride. Tertiary aliphatic amines form addition products, e. g 


se ae 

with triethylamine, the product C,H;As— Cl results. With 
\ N(CH); 

dimethylarsine there is also obtained a white crystalline addition product, 


C.H;AsCl,.(CH;).AsH,. which is decomposed by atmospheric mois- 
CUTC a 


] 


As-Phenylarsylenimine [Phenylarsenimide], CyH;As = NH.—When 
pure dry ammonia is passed into a benzene solution of phenyldichloro- 
arsine, a vigorous reaction occurs, ammonium chloride separating: 


C,H;AsCl, + 3NH,; —— C,H,As = NH + 2NH,Cl. 


After standing for some time, the clear solution is poured off and the 
residue extracted several times with benzene. The combined extracts 
are distilled on a water-bath under reduced pressure to remove the 
solvent, leaving a thick, yellow oil which partially crystallizes upon 
standing for several days. By the addition of absolute ether, the arseni- 
mide is obtained as a beautiful white crystalline mass sintering at 265°, 
m. p. 270°; readily soluble in benzene or xylene and sparingly in ether or 
absolute alcohol, separating from the latter in leaflets. Water or dilute 
acids readily hydrolyze it to phenylarsineoxide and ammonia: 


C,H;As — NH + HE® ————> C.H,;AsO + Ni 
Phenyldibromoarsine, from phenylarsineoxide by warming with con- 


centrated hydrobromic acid,**® #47 is a colorless or faintly yellow liquid, 
b. p. 285° with slight decomposition; d. 2.0983/15°. It is unaffected 
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by water but is vigorously decomposed by bromine into bromobenzene 
and arsenic tribromide: 


C.H;AsBr, -- Br, ——> C,H,Br + AsBr;. 


Phenyldviodoarsine is obtained from phenylarsineoxide ‘** and con- 
centrated hydriodic acid (d. 1.7). More recently it has been prepared 
from phenyldichloroarsine and sodium iodide in either absolute alcohol 
or acetone at ordinary temperature.2 17 According to Michaelis it 
is a red, oily liquid, while both Burrows and Steinkopf obtained it in 
the form of lemon-yellow needles, m. p. 15°; b. p. 190°/12 mm., 
185°/10 mm. Phosphorous acid reduces it to diiodoarsenobenzene, 
O,H,As!l — AsiC,H,. 


2-Methylphenyldichloroarsine, (CH;)C,H,AsCl., from mercury di-o- 
tolyl and arsenic trichloride,**® 4° is a colorless liquid, b. p. 264° in a 
current of carbon dioxide; has a faint aromatic odor at ordinary tem- 
perature which becomes very irritating at higher temperature. It is 
insoluble in water, soluble in alcohol, ether or benzene, and absorbs 
chlorine, forming 2-methylphenylarsinetetrachloride. The  dichloro- 
arsine does not combine additively with bromine, but when warmed with 
an excess of the latter is decomposed into dibromo-2-methylbenzene, 
arsenic-, hydrochloric and hydrobromic acids. 


3-Methylphenyldichloroarsine results upon heating tri(3-methyl- 
phenyl) arsine with 10 parts of arsenic trichloride in a sealed tube at 
300°. It is a colorless, highly refractive liquid, b. p. 270°, and readily 
absorbs chlorine, yielding the corresponding arsinetetrachloride.*°° 


4-Methylphenyldichloroarsine—Prepared from mercury di-p-tolyl 
and arsenic trichloride like its ortho isomer.**® *° More quantitative 
yields, however, are obtained by heating tri(4-methylphenyl) arsine with 
10 parts of arsenic trichloride for 60 hours at 230-40°.*** It exists as 
colorless, highly refractive plates, m. p. 31°; b. p. 267° in a current of 
carbon dioxide; has a faint, not unpleasant aromatic odor at ordinary 
temperatures, but when heated becomes very irritating; insoluble in 
water, readily soluble in alcohol, ether or benzene. With chlorine it 
forms 4-methylphenylarsinetetrachloride, but bromine decomposes it as 
in the case of the ortho isomer. It forms tertiary arsines with various 
zine dialkyls, e. g., with zinc dimethyl there is produced p-tolyldimethyl- 
arsine.**® 


Benzyldichloroarsine, CsH;.CH,AsCl,—From tribenzylarsine and 
arsenic trichloride by heating in a sealed tube. at 160-80° for 12 hours.*** 
It is a colorless oily liquid, b. p. 175°/50 mm.; cannot be solidified by 
freezing, and produces painful blisters upon the skin. It is far less stable 
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than purely aliphatic or aromatic dichloroarsines as evidenced by the 
following properties: water decomposes it into arsenic trioxide and either 
benzaldehyde or benzoic acid; chlorine converts it into benzyl chloride 
and arsenic trichloride, while atmospheric oxygen produces benzyl 
chloride and arsenic oxychloride: 


C.H,;.CH,AsCl, -+- 0 —~> C,H;.CH.Cl + AsOCl. 


2,4-Dimethylphenyldichloroarsine (m-Xylyldichloroarsine) , 
(CH;)2CeH;AsCh, 


is obtained from mercury di-m-xylyl and arsenic trichloride, or by heat- 
ing tri-m-xylylarsine with arsenic trichloride in a sealed tube at 240°.*°° 
It exists as colorless needles, m. p. 42-3°; b. p. 215°/320 mm., 278° at 
ordinary pressure. On standing in the air it is gradually transformed 
into the arsineoxide, more readily upon warming in water. It is less 
stable toward water than the lower homologues. With chlorine it forms 
the corresponding arsinetetrachloride, while bromine decomposes it into 
dibromo-m-xylene, arsenic trichloride and hydrobromic acid. 


2,5-Dimethylphenyldichloroarsine (p-X ylyldichloroarsine) . — Pre- 
pared like the previous compound. Recrystallized from petroleum ether, 
it separates in tufts of needles, m. p..63°; b. p. 285°.*°° 


2,5-Dimethylphenyldiiodoarsine is obtained by dissolving the corre- 
sponding arsineoxide in warm hydriodic acid. It forms yellow crystals, 
Mie p4o° 

The corresponding dibromoarsine cannot be obtained pure. 


24,0 - Trimethylphenyldichloroarsine (Pseudocumyldichloroarsine) , 
(CH,);C,H.AsCl..—Tripseudocumylarsine is heated with four parts of 
arsenic trichloride at 200° for 48 hours and the product fractionated 
under 30 mm. pressure. It forms needles from ether, m. p. 82.5°; b. p. 
190° /30 mm.?°8 


4-Isopropylphenyldichloroarsine (p-Cumyldichloroarsine) , 
(C,H,) CgH,AsCl,, 
from tri-p-cumylarsine and arsenic trichloride at 170° for 48 hours,‘°® 


is an oil, b. p. 170°/30 mm. 


Tertiary-butylphenyldichloroarsine, [(CH;)sC]CsHyAsCl,, is pre- 
pared by heating tri(tertiary-butylphenyl) arsine with arsenic trichlo- 
ride for 24 hours at 200°. It is a colorless liquid, b. p. 175-80°/20 mm.*®° 


a-Naphthyldichloroarsine, C,)H;AsCl,, may be obtained either by 
heating tri-a-naphthylarsine with arsenic trichloride at 270° for 40 
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hours,** or from mercury di-a-naphthyl and arsenic trichloride by heat- 
ing in a reflux apparatus.*°? It crystallizes from petroleum ether as a 
white, crystalline powder, m. p. 63° (Michaelis), 68° (Steinkopf) ; b. p. 
180°/5 mm.; soluble in alcohol or petroleum ether. 


6-Naphthyldichloroarsine—Since tri-B-naphthylarsine is obtained 
with difficulty, the most convenient method of preparation consists in 
boiling mercury di-f-naphthyl with arsenic trichloride in a reflux appa- 
ratus for one hour.*** It forms warty aggregates of needles, m. p. 69°; 
soluble in ether, alcohol or benzene, and is slowly hydrolyzed by water 
to the arsineoxide and hydrochloric acid. By reduction with phosphor- 
ous acid, it is converted into arseno-$-naphthalene. 


4-Phenylphenyldichloroarsine (Diphenyl-4-dichloroarsine) , 
(C.H,)C.H.AsCl, 


m. p. 74°, is made by boiling the corresponding arsineoxide with con- 
centrated hydrochloric acid.*% 


2-Bromophenyldich!loroarsine, BrC,H,AsCl,. — The corresponding 
bromoarsonic acid is reduced by means of sulfur dioxide in fuming 
hydrochloric acid solution with a slight amount of hydriodic acid as a 
catalyst. It is a reddish oil crystallizing from petroleum ether in color- 
less plates, m. p. 63°; b. p. 158°/12 mm.; readily soluble in organic 
solvents.*%4 


4-Iodophenyldiiodoarsine, IC,H,AsI.—Prepared by the action of 
concentrated hydriodic acid upon 4-iodophenylarsonic acid: 


IC;H,AsO(OH), + 4HI ——> IC,H,AsI, + 3H,O + L. 


It also results as a by-product in the preparation of 4-iodophenylarsonic 
acid from p-arsanilic acid.*®* It consists of golden-yellow needles, m. p. 
80°; soluble in glacial acetic acid or the usual organic solvents, and yield- 
ing the corresponding arsineoxide with water, alkali hydroxides or car- 
bonates. 


2-Nitrophenyldichloroarsine, (O.N)C,H,AsCl,—2-Nitrophenylarsine- 
oxide is suspended in commercial ether, and alcoholic hydrochloric acid 
added drop by drop until a faintly yellow solution is obtained. From 
this, upon exposure to strong sunlight for several weeks in a sealed tube, 
a yellowish-brown crystalline deposit separates. The latter possesses 
the following characteristic properties: (1) it is readily soluble in sodium 
carbonate or bicarbonate, thereby resembling an arsonic acid; (2) ana- 
lytical results correspond to the formula C,H,O,NAs; (8) it is insoluble 
in boiling water, which is a distinction from 2-nitrophenylarsonic acid. 
Karrer regards it as a highly polymerized form of a nitroso compound 
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produced in the presence of water by the migration of an oxygen atom 


from the nitro group to the arsenious radical: *°° 
AsO, AsO. AsO(OH)>» 
Va ie as a 
C.H, | ene eis CH 
Sexe aS 
Nae NO NO 


3-Nitropheny'dichloroarsine.—Upon passing chlorine into a chloro- 
form suspension of 3,3’-dinitroarsenobenzene, a solution results, from 
which upon evaporation, long needles of 3-nitrophenylarsinetetrachloride 
separate. By treating a chloroform solution of the latter with an excess 
of 3,3’-dinitroarsenobenzene, filtering and distilling off the solvent from 
the filtrate, the dichloroarsine remains as an oil, which when desiccated 
separates as small white crystals, m. p. 46-7°; unaffected by water.*% 


3-Nitrophenyldibromoarsine is prepared by adding bromine to a sus- 
pension of 3,3’-dinitroarsenobenzene in petroleum ether (b. p. 50° or 
below). It forms white crystals readily soluble in chloroform, sparingly 
so in petroleum ether, and unaffected by water.*% 

The corresponding diiodoarsine has not been obtained crystalline.*** 


3-Nitro-4-methylphenyldibromoarsine, (O2N)CsH,(CH,)AsBr., — is 
prepared like the previous compound in a chloroform medium. It crys- 
tallizes in lustrous, brownish-white scales sintering at 260° with decom- 
position, readily soluble in alcohol, ether, chloroform or aqueous alkaline 
solutions, and forms no addition product with bromine.*** 


2,4-Dinitrophenyldichloroarsine, (O.N).CgH;AsCl., is prepared from 
the corresponding arsineoxide and hydrochloric acid in alcoholic or 
ethereal medium.*°* 


3-Nitro-4-aminophenylditodoarsine, (H.N)(O.N)C,H,AslI., from the 
corresponding arsonic acid by gently warming with concentrated hydri- 
odic acid, melts at 96°.8° 


4-Aminophenyldichloroarsine hydrochloride, (HC\l.H.N)C,H,AsCl.. 
—From the corresponding arsineoxide and hydrochloric acid; or 
directly from sodium-4-aminophenylarsonate (atoxyl) by acidifying its 
concentrated aqueous solution with hydrochloric acid, filtermg off the 
sodium chloride which separates, and saturating the filtrate with sulfur 
dioxide in the presence of a trace of hydriodic acid. After 12 hours the 
above hydrochloride begins to crystallize.7! It is also obtained in 
impure form by the action of phosphorus trichloride upon 4-amino- 
phenylarsonic acid. The salt crystallizes in needles, m. p. 139-40° 
decomposing at higher temperatures into arsenic trichloride and aniline: 


(HCl.H,N)C,H,AsCl, ——> AsCl, + C,H;NHb. 


) 
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It is readily soluble in water, methyl or ethyl] aleohol, sparingly in 
acetone or ethyl acetate and insoluble in cold glacial acetic acid, ether, 
benzene or chloroform. The aqueous solution upon neutralization with 
ammonia yields the arsineoxide. 


4-Aminophenyldibromoarsine hydrobromide results from the action of 
hydrobromic acid upon the arsineoxide. It is a yellow, crystalline mass, 
m. p. 134°; decomposing like the preceding compound at higher tem- 
peratures. It is readily soluble in water, acetone, methyl or ethyl 
alcohol, and sparingly so in cold glacial acetic acid, ether, ethyl acetate, 
chloroform or benzene.*** 


4-Aminophenyldiiodoarsine hydriodide can be prepared like the two 
preceding halogen compounds, but the best method consists in reducing 
4-aminophenylarsonic acid with hydriodic acid. It is a yellow, crystal- 
- line powder, readily soluble in acetone, methyl or ethyl aleohol, very 
sparingly so in cold glacial acetic acid, ether, ethyl acetate, benzene or 
‘chloroform, and is hydrolyzed by water. When strongly heated it decom- 
poses like the two previous compounds.‘*4 


4-Acetylaminophenyldichloroarsine semi-hydrochloride, 
| (CH;CO.HN)C,H.AsCl, |.. HCl, 


is derived from 4-acetylaminophenylarsonic acid by suspending in dry 
ethyl acetate and reducing with phosphorus trichloride.**° It crystallizes 
in wart-like aggregates, m. p. 137° with much foaming; soluble in 
acetone, glacial acetic acid, methyl or ethyl alcohol, sparingly in cold 
ethyl acetate and practically imsoluble in water or ether. With aqueous 
caustic soda it forms the corresponding arsineoxide. 


Phenylglycine-4-dichloroarsine hydrochloride —_(4-Dichloroarsino- 
phenylglycine hydrochloride), (HCl. HOOCCH.NH)C,H,AsCl,.—A con- 
centrated hydrochloric acid solution of phenylglycine-4-arsonic acid, to 
which a slight amount of hydriodic acid has been added, is saturated at 
— 10° with sulfur dioxide, the dichloroarsine hydrochloride separating as 
white crystals which decompose at 120°, are readily soluble in water or 
methyl alcohol and are converted into the arsineoxide by aqueous 
alkalis.47° It is decomposed into 4-chloromercuriphenylglycine and 
arsenious acid by means of aqueous mercuric chloride?” 


4-Dimethylaminophenyldichloroarsine hydrochloride, 
[HC1(CH;).N]C,H,AsClh,, 


from the corresponding arsineoxide and hydrochloric acid, crystallizes in 
white needles, m. p. 116°; readily soluble in water or dilute hydrochloric 
acid but sparingly in the concentrated acid. The corresponding dibromo- 
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arsine hydrobromide is similarly prepared. It is soluble in alcohol, from 
which it is reprecipitated by ether.*7® The diiodoarsine hydriodide may 
be obtained either from the arsineoxide and hydriodic acid, or by adding 
potassium iodide to the corresponding dichloroarsine hydrochloride in 
aqueous or alcoholic solution. It is a yellow, unstable precipitate, turn- 
ing deep red upon drying.*” 


2-Chloro-4-dimethylaminophenyldichloroarsine hydrochloride, 
[HC1(CH3;)2N]C.H,Cl.AsCl, 


prepared from the corresponding arsineoxide and concentrated hydro- 
chloric acid, is easily soluble in alcohol, acetone or water; melts at 116°, 
and is converted into the arsineoxide by aqueous alkalis.**° 


2-Bromo-4-dimethylaminophenyldichloroarsine hydrochloride melts 
at 115°; the corresponding dibromoarsine hydrobromide at 145°, and the 
duodoarsine hydriodide at 132° with decomposition.** 


4-Diethylaminophenyldichloroarsine hydrochloride, 
[HCI(C3H,).N]C.H,AsCl., 


consists of snow-white needles, m. p. 139°; extremely soluble in water, 
sparingly in concentrated hydrochloric acid.**? 


4-Dimethylamino-2-methylphenyldichloroarsine hydrochloride, 


[HCl(CH,).N]C,H, (CH,) AsCh, 
melts at 112°.48 


4-Dimethylamino-3-methylphenyldichloroarsine hydrochloride con- 
sists of needles, melting at 145°; has a pungent odor, is readily soluble in 
water or dilute hydrochloric acid and practically insoluble in the con- 
centrated acid. The dibromoarsine hydrobromide forms rhombohedric 
plates, m. p. 168°, while the dwodoarsine hydriodide is a deep red crys- 
talline powder.*** 


4.- Dimethylamino - 2,5 - dimethylphenyldichloroarsine hydrochloride, 
[HCl(CHs;).N]CeH.(CH;)..AsCl,, melts at 158°; the dibromoarsine 
hydrobromide at 160°.4°° 

2-Dimethylamino-a-naphthyldichloroarsine hydrochloride, 

[HCl(CH;)2N]C,.HgAsCl., 
melts at 158°; the dibromoarsine hydrobromide at 168°.4°° 


4-Dimethylamino-a-naphthyldichloroarsine hydrochloride and the 
dibromoarsine hydrobromide are prepared like the previous compounds— 
from the arsineoxide and the respective haloid acid.48? 
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2-Hydroxyphenyldichloroarsine, HO.C,H.AsCl.. — Dry hydrogen 

chloride is conducted into a petroleum ether suspension of the anhy- 
: As—O—As 

dride of 2-hydroxyphenylarsineoxide, C,H, <| | > C.H., while 
O O 


warming and shaking, sulfur dioxide being also introduced to prevent 
oxidation. The resulting solution, after being dehydrated by means of 
calcium chloride and filtered while hot, deposits the dichloroarsine upon 
cooling in the form of flat, pale yellow, spear-shaped crystals. The yield 
may be increased by conducting more hydrogen chloride through the 
mother-liquor. It is possible that in the warm solution one molecule of 
hydrochloric acid splits off from the hydroxy dichloroarsine, leaving a 
AsCl 
compound, C,H, < | , which upon further addition of hydrogen chlo- 
O 


ride is again converted into the dichloroarsine. The latter melts at 
74-80° ; is readily soluble in ether, benzene or carbon bisulfide, sparingly 
so in petroleum ether, and is easily hydrolyzed by water to the anhydride 
of 2-hydroxyphenylarsineoxide and hydrochloric acid.‘** 


4-Methoxyphenyldichloroarsine, (CH;0)C.H,AsCl., results when 
tri(4-methoxyphenyl) arsine is heated in a sealed tube with arsenic tri- 
chloride at 200° for 24 hours.*8® It may also be obtained by heating 
4-methoxyphenylmercurichloride with arsenic trichloride on a water-bath 
for five hours.*®° 

According to Michaelis and Weitz, the product is a colorless liquid, 
b. p. 230°/117 mm., while according to the later investigations of 
Goppelt 4% it solidifies on strong cooling to a colorless, crystalline mass, 
m. p. 48°; b. p. 160°/30 mm. With aqueous sodium hydroxide or car- 
bonate solution it yields the corresponding arsineoxide. It readily 
absorbs chlorine in the cold, forming 4-methoxyphenylarsinetetrachloride. 
Hydrogen peroxide oxidizes a glacial acetic acid solution of the dichloro- 
arsine to 4-methoxyphenylarsonic acid. 


4-Methoxyphenyldiiodoarsine is obtained together with p-anisy|tri- 
methylarsonium iodide on heating 4,4’-dimethoxyarsenobenzene with 
methyl iodide in a sealed tube at 100°.*% 


4-Ethoryphenyldichloroarsine, (C2H;0)CoHsAsCl., is prepared by 
heating tri(4-ethoxyphenyl) arsine with arsenic trichloride at 220° for 
24 hours. It is a colorless liquid, b. p. 198°/28 mm.; is converted into 
the arsineoxide by acqueous sodium carbonate; absorbs dry chlorine, 
forming the arsinetetrachloride; in the presence of water, however, the 
corresponding arsonic acid results.*** 


3-Amino-4-hydroxyphenyldichloroarsine hydrochloride, 
(HC1.H,N) (HO)C,H:AsCh, 
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may be obtained either from the corresponding arsineoxide and an excess 
of hydrochloric acid; #4 by adding a warm, aqueous mercuric chloride 
solution to an aqueous solution of arsphenamine, filtering off the mer- 
curous chloride formed, and passing hydrogen chloride into the fil- 
trate; 42° or by reducing the corresponding arsonic acid with sulfur 
dioxide in the presence of hydriodic acid at low temperature.*”° It erys- 
tallizes in colorless needles melting indefinitely at 200°, and decomposing 
when treated with mercuric chloride in alkaline solution. With cupric 
chloride in methyl alcoholic medium it forms a brown, amorphous co- 
ordination product easily soluble in water or sodium hydroxide. 


4-Dimethylamino-3-methoxyphenyldichloroarsine hydrochloride, 
| HCl(CH;).N]CsH;(OCHs) AsCl,, 


m. p. 152°, the corresponding dibromoarsine hydrobromide, and the 
ditodoarsine hydriodide, m. p. 92°, are prepared from the arsineoxide 
and the respective haloid acid.*** 


4-Carboryphenyldichloroarsine (p-Benzarsenious chloride), 
HOOC.C,.H.AsClh,, 


is derived from the corresponding diiodoarsine by heating its ethereal 
solution with freshly prepared dry silver chloride in a sealed tube at 
100°. A better procedure consists in treating 4-carboxyphenylarsonic 
acid with phosphorus trichloride at ordinary temperature: 


AsCl, 
L 
HOOC.C,H.AsO (OH). + 2PC]l, —— C,H, + POC], + H;POs. 
COCI 


The excess phosphorus trichloride is distilled off at 100°, the oily residue 
dissolved in benzene, and water cautiously added to decompose the 
phosphorus oxychloride. The benzene layer is then separated, dehy- 
drated by means of calcium chloride and concentrated, the carboxy- 
phenyldichloroarsine crystallizing out in colorless needles, m. p. 157-8°; 
decomposed upon boiling with water.*®s 

According to Fourneau and Oechslin,*®® the above reaction does not 
yield Cl,As.CsH,.COCI as stated by LaCoste, but proceeds according 
to the equation: 


HOOC.C,H,AsO (OH), + PCl, —» HOOC.C,H,AsCl, ++ HPO, --HCl. 
4-Carboxyphenyldiiodoarsine, from the corresponding arsonic acid by 


warming with concentrated hydriodic acid containing a slight amount of 
red phosphorus, crystallizes from chloroform in yellow, felted needles, 
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m. p. 153° (LaCoste), 172° (Bertheim); readily soluble in alcohol or 
ether. It is partially decomposed by atmospheric moisture, more com- 
pletely by boiling with water, into 4-carboxyphenylarsenious- and hydri- 
odic acids.®°% 5% 


AsCl, 
4-Dichloroarsinobenzoyl chloride, CH, —To a chloroform 
Se 
COCI 

solution of 4-carboxyphenylarsonic acid, a similar solution of phosphorus 
trichloride is slowly added and the reaction completed on a water-bath. 
After decanting from phosphoric acid, crystals of 4-carboxyphenyldi- 
chloroarsine separate, to which phosphorus pentachloride is immediately 
added, and the whole warmed for one hour. Finally, the chloroform and 
volatile chlorides of phosphorus are distilled off and the residue frac- 
tionated in vacuo, The same product is obtained by treating 4-carboxy- 
phenylarsenious acid with either phosphorus tri- and pentachlorides 
successively, or with the latter alone; also by the action of phosphorus 
pentachloride upon 4-carboxyphenyldichloroarsine in chloroform solu- 
tion.5°2: 503 

The compound is a mobile liquid, fuming in moist air, b. p. 
189-90°/19 mm.; soluble in chloroform, ether or benzene; yields a white 
precipitate with water; reacts hke benzoyl! chloride with alcohols, phenols, 
amino-alcohols, ammonia or alkaloids, such as quinine or morphine, 
which possess alcoholic or phenolic properties. With dimethylaminodi- 
methylethylearbinol in benzene solution it forms a condensation product, 
dichloroarsinobenzoyldimethylaminodimethylethylcarbinol hydrochloride 

AsCl, 


(4-Dichloroarsinostovaine), CeH, (OAlEE- This 
~ vip 
CO.0.C — CH, 
CH,N (CH,).. HCl. 


compound separates from absolute alcohol in white needles, m. p. 194°; 
readily soluble in water, sparingly in alcohol, insoluble in acetone. By 
treating its aqueous solution with soda and extracting with ether, the 
corresponding arsineoxide is obtained.°”* 


4. Aryl Arsineoxides and Dihydroxyarsines, RAsO, RAs(OH)>. 
The unsubstituted oxides are readily obtained by treating the corre- 
sponding dihalogenated arsines with alkali hydroxides or carbonates: 

RAsX, + Na,CO,; —~> RAsO + 2NaX + CO. 


They form white, crystalline substances readily soluble in organic sol- 
vents, sparingly in alcohol, insoluble in water, and are unaffected by 
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the latter two solvents even on boiling. Haloid acids regenerate the 
dihalogenated arsines: 


RAsO + 2HX —— RAsX, + H,O; 


while heating above their melting points decomposes the compounds into 
tertiary arsines and arsenic trioxide: 


Oxidizing agents convert them into arsonic acids, and reducing agents 
to arseno compounds: 


RAsO + O + H.O0 ——+ RAsO(OH),; 
2RAsO + 2H, —~> RAs = AsR + 2H.0. 


The arsineoxides are amphoteric, dissolving in both concentrated 
acids and aqueous caustic alkalis, but only very sparingly in ammonia 
or alkali carbonates. With mercuric chloride in alkaline solution, re- 
placement of the arsenic by mercury occurs, yielding either mercury 
diaryls or arylmercurichlorides and sodium arsenite. 

Although unsubstituted aryl dihyvdroxyarsines or -arsenious acids 
corresponding to the formula RAs(OH). have not as yet been isolated, 
various esters of phenylarsenious acid have been successfully obtained 
by the interaction of phenyldichloroarsine and sodium alcoholates or 
phenolates, except in the case of catechyl ester when the lead salt of 
catechol is employed: 


C.H;AsCl, + 2RONa —> C,H;As(OR). + 2NaCl. 


With the exception of the B-naphthyl and catechyl compounds, which 
are crystalline solids, the esters are all hquids distillable under dimin- 
ished pressure, and are readily hydrolyzed by water or alkalis, yielding 
phenylarsineoxide and the corresponding alcohol or phenol: 


C.H;As(OR), + H,O —> C,H,AsO + 2ROH. 


With chlorme or bromine decomposition occurs, except in the cases of 
the dimethyl and diethyl ester, which readily combine with chlorine to 
form additive compounds easily hydrolyzed by water or aleohol to 
phenylarsonic acid, the respetive alcohol and hydrochloric acid, e. g., 


CyH,AS(OCH, hee Cle CHA OCH ear 
C,H As(OCHS).clee 31.0 aes 
OH AcOLOHD, + 2CH,OH + 2HCI. 


Substituted aryl arsineoxides may be prepared lke the unsubstituted 
compounds from dihalogenated arsines. A more convenient method, how- 
ever, consists in reducing the corresponding arsonic acids with either 
sulfurous acid (employing hydriodic acid as a catalyst), phenylhydrazine 
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or phosphorus trichloride in the presence of an indifferent diluent such 
as ether or ethyl acetate: 


RAsO(OH),. + H, ——> RAsO + 2H,0. 


The reduction may be effected with sulfurous acid alone, but the process 
is very slow. If, however, a small amount of hydriodice acid is added 
the reaction proceeds very smoothly. The arsonic acid reacts with the 
hydriodie acid liberating free iodine: 


RAsO(OH). + 2HI = RAsO + 2H.0 + I.. 


But oxidation of the arsineoxide to the arsonic acid by the liberated 
iodine is prevented by the sulfurous acid, which reduces the iodine to 
hydriodic acid, so that the above reduction is continuous, and enables 
a small amount of hydriodic acid to reduce large quantities of the 
arsonic acid. 

The reduction by means of phosphorus trichloride in the presence of 
an indifferent diluent is of particular advantage in dealing with arsine- 
oxides which are either decomposed by water or readily dissolved by it. 
But in those instances where the arsonic acid is only sparingly soluble 
in the solvent employed the reaction is incomplete, and the method 
unsatisfactory. 

The presence of amino or substituted amino groups in the nucleus 
increases the reactivity and sensitivity of the arsineoxides to such an 
extent that their isolation in pure form is difficult. The hydrochlorides 
of N-alkylated aminoarylarsineoxides may be prepared directly from 
tertiary amines by heating with arsenic trichloride at water-bath tem- 
perature. The product is isolated by rendering alkaline, filtering and 
either acidifying the filtrate with hydrochloric acid and neutralizing with 
sodium carbonate or ammonia, or by adding a calculated quantity of 
ammonium chloride to the alkaline solution: 


R.N(R’R”) + AsCl, —~> [HCl. (R’R”)N]RAsCl, 
HCl. (R’R”) N.RAsCl, + 3NaOH —~> 
(R’R”)N.RAsO + 3NaCl + 2H,0. 


It is interesting to note that while unsubstituted aryl dihalogenated 
arsines react with alkalis yielding arsineoxides, the presence of nuclear 
nitro or carboxy! groups influences this reaction so that dihydroxyarsines 
(arsenious acids) result. 


Phenyfarsineoxide, C>H;AsO, is prepared from phenyldichloroarsine 
by treating its suspension in warm water with sodium carbonate, filter- 
ing, and recrystallizing the residual solid from hot alcohol. The arsine- 
oxide separates in the form of colorless, crystalline crusts, m. p. 119-20° ; 
slightly volatile in steam, and decomposing when heated above its melt- 
ing point, yielding triphenylarsine and arsenic trioxide. At ordinary 
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temperature it has a characteristic anise-like odor, which upon warming 
becomes very irritating to the nasal mucous membrane. It is readily 
soluble in benzene, warm alcohol or caustic soda, sparingly in aqueous - 
ammonia, insoluble in water, and is converted into the corresponding 
dichloroarsine when warmed with hydrochloric acid. An _ addition 
product, phenylarsineoxychloride, CsH;AsOCl, is obtained with chlorine, 
while with bromine the arsineoxide reacts vigorously, yielding the corre- 
sponding arsineoxybromide, together with bromobenzene and arsenic 
oxy bromide: 


2C,H,AsO + 2Br. ——> C,H;AsOBr, + C,H;Br + AsOBr. 


Upon reduction, for example with phosphorous acid, sodium amalgam or 
zinc and hydrochloric acid, arsenobenzene is formed.®’® *°° When 
warmed with mercuric chloride in alkaline solution the arsenic is split 
off, yielding mercury diphenyl.**° 


Esters of Phenylarsenious Acid [Phenyldi(alkyl- or aryloxry) ar- 
sines] °° — Dimethylphenylarsemite, CoH;As(OCH,)2.— From sodium 
methylate and phenyldichloroarsine in dry ethereal solution. It is a 
colorless liquid with a characteristic odor, b. p. 220° with partial decom- 
position, 116°/18 mm.; d, 1.343/20°; readily. hydrolyzed by water or 
alkalis to phenylarsineoxide and methyl alcohol. It absorbs dry chlorine, 
forming colorless crystals of C,H;As(OCH;).CL, m. p. 90°; easily 
hydrolyzed by water or alcohol to phenylarsonic acid, methyl alcohol 
and hydrochloric acid: 


C.H,As(OCH,) Cl, + 3H,0 —> C,H;AsO(OH). + 2CH,OH + 2HCI. 


The ester forms no additive compound with bromine which decomposes 
it into phenylarsineoxybromide, methylene bromide, arsenic tribromide 
and dibromobenzene. 


Diethylphenylarsenite, C>H;As(OC.H;)., prepared like the preced- 
ing ester employing sodium ethylate, is a colorless liquid with an un- 
pleasant odor, b. p. 122°/15 mm. It is decomposed by bromine, but 
readily combines with chlorine, forming an oxychloride which consists of 
cubical crystals melting at 95°. 


Diphenylphenylarsenite, CesH;As(OC,sH;)2, is obtained from sodium 
phenolate and phenyldichloroarsine, or by heating the latter with phenol 
at 200°. It is a colorless hquid becoming viscous but not solid when 
strongly cooled; b. p. 245°/15 mm.; d, 1.32/20°; readily hydrolyzed by 
moisture to phenylarsineoxide and phenol, and decomposed by chlorine 
or bromine thus: , 


C.H;As(OCeHs)2 + 8Cl, —~> C,H;AsCl, + 2C,H.Cl;(OH) ++ 6HCI. 
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Di-p-cresylphenylarsenite, C.H;As(OC,H,.CH;)., from the sodium 
salt of p-cresol and phenyldichloroarsine in xylene medium, is a pale 
yellow oil, b. p. 285°/12 mm.; d, 1.2989/13°. 


Dibenzylphenylarsenite, CsH;As(OCH.C,H;)>, obtained like the pre- 
ceding compound, is a pale yellow oil with an odor like benzyl alcohol, 
b. p. 296°/30 mm.; d, 1.2853/13°; decomposed in a similar manner by 
both chlorine and bromine, e. g., 


C,.H;As (OCH. C,H.) a Ol —=—S 
C.H.Cl, + 3HCl-+ AsCl, + C,H,Cl. COOH + C,H;CH,Cl. 


Di-B-naphthylphenylarsenite, C .H;As(OCioH;)., from sodium-f- 
naphthoxide and phenyldichloroarsine in ethereal solution, forms colorless 
needles melting at 113-4°, and readily hydrolyzed by water. 

O 


ae’ 
Catechylphenylarsenite, C,H;As C.H,—When phenyldichloro- 


arsine is added to the lead salt of catechol suspended in xylene at ordi- 
nary temperature, a vigorous reaction occurs which is completed by 
heating in an oil-bath. The ester is obtained as a white crystalline mass, 
m. p. 83°; b. p. 197-8°/15 mm.; readily hydrolyzed by water. By the 
interaction of phenyldichloroarsine with the sodium salt of catechol, there 
is formed a solid containing chlorine and melting at 63°. It is probably 
a mixture of several distinct compounds. 


2-Methylphenylarsineoxide, (CH;)C,;H,AsO.—Prepared from the cor- 
responding dichloroarsine by boiling with concentrated sodium carbonate 
solution. It is a white powder, m. p. 145-6°; has a faint, not unpleasant 
aromatic odor; is sparingly soluble in caustic alkalis, and absorbs both 
chlorine and bromine, forming the respective oxyhalides, C;H;AsOX,. 
When warmed with concentrated hydrochloric acid it 1s converted into 
the corresponding dichloroarsine.**® °°% 


3-Methylphenylarsineoxide, made like the preceding isomer, is a 
pasty, stringy mass. On warming its alcoholic solution with phosphorous 
acid, it is reduced to 3,3’-dimethylarsenobenzene.° 


4-Methylphenylarsineoxide, m. p. 156°; possesses properties similar to 
those of its two isomers. When heated above its melting point it decom- 
poses, yielding tri-(4-methylpheny]) arsine, while heating with an excess 
of phosphorous acid on a water-bath reduces it to the corresponding 
arseno compound. It absorbs both chlorine and bromine forming the 


corresponding oxyhalide.**% °°* 4°? 
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2,4-Dimethylphenylarsineoxide, (CH;)2C.H,AsO, is a viscous mass 
which can be obtained as a granular solid melting at 220° by permitting 
its alcoholic solution to drop into very cold water. It readily absorbs 
chlorine, forming an oxychloride—flat needles, m. p. 150°. By reduction 
with phosphorous acid the corresponding arseno compound is obtained, 
while with hydrogen sulfide in alcoholic solution it forms an arsine- 
sulfide.**° 


2,5-Dimethylphenylarsineoxide, m. p. 165°, is reduced by phos- 
phorous acid to the corresponding arseno compound.**? 


Tertiary-butylphenylarsineoxide, (CH;),C.C.gH,AsO, consists of a 
white crystalline powder, m. p. 89°, which is reduced by phosphorous 
acid to arseno tertiary-butylbenzene.*”° 


a-Naphthylarsineowide, C,)H;AsO, exists as a white powder, m. p. 
245°; sparingly soluble in boiling alcohol and insoluble in water, ether 
or benzene. Upon distillation it does not yield tri-a-naphthylarsine- 
oxide, but decomposes into naphthalene, carbon and elemental arsenic.*!? 


B-Naphthylarsineoxide, prepared by the action of alcoholic potash 
upon the corresponding dichloroarsine, is a white granular powder, m. p. 
270°; sparingly soluble in alcohol, and practically insoluble in the usual 
solvents. It may be reduced by phosphorous acid to the arseno com- 
pound.®?? 


4-Phenylphenylarsineoxide (Diphenyl-4-arsineoxide) ,(CsH;) CsH,AsO, 
melts at 198°.°*% 
CO 


Anthraquinone-a-arsineoxide, CsaH, C.H,;AsO, is formed on 


CO 

- warming arsenoanthrahydroquinone in aqueous sodium carbonate. It is 
a dull yellow powder practically msoluble in the ordinary solvents, but 
soluble in concentrated sulfuric acid to a brownish-yellow solution. It 
is oxidized to the arsonic acid by hydrogen peroxide in hot alkaline 
medium, and reduced to arsenoanthrahydroquinone by sodium hydro- 
sulfite. 


4-Chlorophenylarsineowide, ClICs;H4,AsO, is made by reducing the cor- 
responding arsonic acid with sulfur dioxide in the presence of hydriodic 
acid. On warming with mercuric chloride in alkaline solution, it yields 
mercury di(4-chlorobenzene) .*°° 


4-lodophenylarsineoxide is obtained by the action of either water or 
alkali hydroxides or carbonates upon 4-iodophenyldiiodoarsine. It melts 
at 245-50°, and is soluble in all of the usual solvents except alcohol.5*® 
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3-Nitrophenyldihydroxyarsine (3-Nitrophenylarsenious acid), 
(O.N)C,H,As(OH)., 


results upon dissolving the corresponding dichloro- or dibromoarsine in 
aqueous alkali, and precipitating either by a stream of carbon dioxide 
or by cautiously adding hydrochloric acid at low temperature. The 
dihydroxyarsine separates in white flakes readily. soluble in alkali 
hydroxide solution or alcohol, less so in aqueous alkali carbonate and 
insoluble in water.°!® 


4-Nitropheny-arsenious acid is prepared by reducing the correspond- 
ing arsonic acid with sulfur dioxide, using hydriodic acid as a catalyst. 
It is a powder insoluble in water but soluble in caustic soda from which, 
in contrast to the corresponding arsonic acid, it is reprecipitated by 
carbon dioxide.** 


2,4-Dinittrophenylarsineoxide, (O.N).C,H,AsO. — Phosphorus _ tri- 
chloride is gradually added to a suspension of 2,4-dinitrophenylarsonic 
acid in ether until the reaction and evolution of gas is completed, when 
the resulting ethereal solution is first washed with two volumes of water, 
then shaken with three volumes of same, and finally allowed to evapo- 
rate. -The arsineoxide separates in yellow crusts soluble in alcohol or 
ether containing hydrochloric acid, with the formation of the correspond- 
ing dichloroarsine. It is also soluble in an excess of caustic soda but 
insoluble in water or dilute acids.°™" 


2-Aminophenylarsineoxide, (H,N)C,H,AsO.—A_ hydrochloric acid 
solution of the corresponding arsonic acid, to which a slight amount of 
potassium iodide has been added, is reduced with sulfur dioxide, and the 
aminophenylarsineoxide precipitated by neutralizing with alkah. It is 
a white powder readily soluble in aqueous caustic soda or dilute acids, 
and insoluble in sodium carbonate or ammonia. When allowed to stand 
for some time, it acquires a bluish tinge.*'* 


4-Aminophenylarsineoxide.—p-Arsanilic acid, dissolved in dilute sul- 
furic acid to which a slight amount of potassium iodide has been added, 
is treated with sulfur dioxide at 20° for six hours, the whole then chilled 
to 5-10° and gradually rendered alkaline with concentrated ammonia 
while stirring vigorously. The crude product, which slowly precipitates, 
is purified by dissolving in dilute caustic soda, extracting with ether, 
and salting out by the addition of ammonium chloride solution to the 
aqueous layer. 

The same compound results when a concentrated aqueous solution of 
atoxy! is acidified with hydrochloric acid, the precipitated sodium chlo- 
ride filtered off, and the filtrate saturated with sulfur dioxide. After 
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twelve hours the hydrochloride of 4-aminophenyldichloroarsine begins to 
crystallize out. The solution is now saturated with hydrochloric acid, 
the above hydrochloride introduced into cold water, rendered alkaline 
with concentrated aqueous caustic soda, and the free arsineoxide salted 
out by saturating with sodium chloride. 

It may also be obtained by boiling p-arsanilic acid with phenylhydra- 
zine in methyl alcohol solution. After all of the nitrogen has been 
evolved, the alcohol is removed, the residual oily product mixed with 
dilute caustic soda and extracted with ether. Ammonium chloride is then 
added to the filtered aqueous layer and crystallization of the arsineoxide 
facilitated by scratching the walls of the vessel. 

Another method of preparation consists in suspending p-arsanilic acid 
in dry ethyl acetate and adding phosphorus trichloride, whereupon a 
vigorous reaction ensues without producing a clear solution. After two 
hours absolute ether is added, the mixture allowed to stand for three 
more hours, and the precipitate, consisting of a mixture of unchanged 
arsonic acid and the hydrochloride of the corresponding dichloroarsine, is 
filtered off. From this the arsimeoxide is obtained by dissolving in 
N-sodium hydroxide, filtering and adding ammonium chloride to the 
filtrate.°1° 

The compound crystallizes with two molecules of water in well- 
defined, lustrous needles softening at 80°, and melting at 100° with 
foaming. The anhydrous compound softens at 90°, partially melts at 
100°, and upon further heating, first resolidifies and then melts at 185-6°. 
It exhibits but feebly acidic properties, dissolving readily in caustic 
soda but not in sodium carbonate or ammonia. On the other hand, its 
basic properties are very pronounced, dissolving not only in dilute mineral 
acids but in aqueous acetic acid as well. It is readily soluble in hot 
water, cold methyl or ethyl alcohol, glacial acetic acid, acetone or 
pyridine, sparingly in cold water, ether or ethylacetate and insoluble in 
chloroform or benzene. When boiled with dilute hydrochloric acid it 
yields tri(4-aminopheny]) arsine and arsenic trioxide: 


3(H,N)C,H,AsO ——> (H.N.O.H,),As + As,Ox. 


The arsineoxide readily reduces Fehling’s solution or ammoniacal silver 
nitrate upon boiling, and is easily oxidized to the arsonic acid either 
by hydrogen peroxide in alkaline solution or by iodine in acetie acid 
solution. The latter is a quantitative reaction. It also behaves like 
an unsaturated compound, yielding 4-aminophenylarsinoacetic acid, 


O 
H.N.C,.H,As— OH , with chloroacetic acid in alkaline solution. 


CH,COOH 
Like all primary aromatic amines it can be diazotized and coupled with 


= 
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various azo components, red dyes being obtained with R-salt or B-naph- 
thoquinonesulfonic acid. It is decomposed by mercuric oxide in alkaline 
solution, yielding mercury dianiline.*% 

The arsineoxide is therapeutically more efficient than the arsonic 
acid, acting upon trypanosomes even in vitro, while the acid under such 
conditions remains inactive. 


4-Amino-3-methylphenylarsineoxide, H»N.CyH;(CH;) AsO, prepared 
by reducing the corresponding arsonic acid with sulfur dioxide, consists 
of white crystals softening below 100° and melting at 160°; soluble in hot 
water, alcohol, acetone, dilute hydrochloric acid or caustic alkalis.52° 


4-Acetylaminophenylarsineoxide, CH; COHN.C,H,AsO, exists in two 
forms: an indefinitely crystalline, anhydrous variety and a hydrous, 
crystalline modification. The first is prepared by reducing 4-acetyl- 
aminophenylarsonic acid with sulfurous acid, employing hydriodic acid 
as a catalyst. It melts at 288-9°, is soluble in caustic soda or hot 
50 per cent acetic acid, sparingly in hot water or glacial acetic acid and 
insoluble in methyl or ethyl alcohol, sodium carbonate, ammonia or 
dilute mineral acids. The second variety, obtained by acetylating 
4-aminophenylarsineoxide, forms wedge-shaped crystals containing one 
molecule of water and cannot be dehydrated or decomposed. At 100° 
it partially melts with foaming, then solidifies and finally remelts at 
271°. When preserved in a desiccator for a long time it melts at 260° 
without exhibiting a preliminary melting point. It is readily soluble in 
hot water, methyl or ethyl alcohol, acetone, pyridine, glacial or 50 per 
cent acetic acid—the solutions occasionally exhibiting a turbidity due 
to the presence of a slight amount of the anhydrous variety—and is 
insoluble in ether, ethyl acetate or benzene. The crystalline product 
may be prepared from the anhydrous modification by dissolving in 
2N-caustic soda solution, filtering into an excess of 2N-acetic acid 
and inducing crystallization by the addition of a few crystals of the 
desired product. Both varieties may be readily oxidized to the arsonic 
acid by means of dilute iodine in acetic acid solution.*** 


4-Carbethoryaminophenylarsineoxide, C.H;OOCHN.C,H,AsO,  re- 
sults upon reducing the corresponding arsonic acid in dilute sulfuric acid 
solution with sulfur dioxide at 15°, employing hydriodic acid as a 
catalyst. It may also be obtained from the arsonic acid by suspending 
in ethyl acetate, chloroform or carbon tetrachloride and treating with 
phosphorus trichloride. The dichloroarsine, obtained as an intermediate 
product, is then dissolved in dilute caustic soda, and the arsineoxide pre- 
cipitated by the addition of ammonium chloride solution or dilute acetic 
acid. A third method consists in dissolving one mole of 4-aminophenyl- 
arsineoxide in an equimolar amount of caustic soda, and gradually adding 
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to the well-cooled solution slightly more than one mole of ethyl chloro- 
carbonate. After standing for one hour the solution is acidified, and 
the precipitated product purified by dissolving in diluted alkali and 
reprecipitating with an acid.°*? It is a colorless, odorless powder soluble 
in hot water, glacial acetic acid, alcohol or dilute alkalis, sparingly in 
cold water and insoluble in sodium carbonate, chloroform, petroleum 
ether, carbon bisulfide, ether or benzene. Heated to 270°, it darkens 
and decomposes without melting. With hydrogen sulfide in alkaline 
solution, the oxygen of the arsineoxy group is replaced by one or more 
sulfur atoms. 


Phenylglycine-4-arsineoxide, (HOOCCH,.HN)C,H,AsO, is derived 
from the corresponding arsonic acid by reduction with sulfur dioxide in 
the usual manner.®?* 


4-Methylaminophenylarsineoxide, (CH;.HN)C,H,AsO, m. p. 65°, is 
made by heating a mixture of methylaniline and arsenic trichloride at 
water-bath temperature.°*4 


4-Dimethylaminopheny'arsineoride, (CH,).N.C,H,AsO, is a white 
powder, m. p. 75°; easily soluble in chloroform or hot alcohol and 
insoluble in water. It exhibits both basic and feebly acidic properties, 
dissolving in dilute acids and in an excess of concentrated sodium 
hydroxide solution.®?° 


4-Diethylaminophenylarsineoxide, (CrH;).N.CsH AsO, exists as a 
pale yellow powder, m. p. 58°; soluble in hot alcohol or dilute mineral 
acids,?7 


4-Dimethylamino-2-methylphenylarsineoxide, 


(GH s)N-C.H.(CH.) AsO. 
melts at 80°.°?7 


4-Dimethylamino-3-methylphenylarsineoxide, from arsenic trichloride 
and dimethyl-o-toluidine at water-bath temperature,°?s is a white amor- 
phous powder, m. p. 55°; readily soluble in alcohol, ether, chloroform or 
dilute acids but sparingly in water. Reduction with phosphorous acid 
in alcoholic solution converts it into the corresponding arseno compound, 
while oxidation with red mercuric oxide in aqueous suspension yields 
the arsonic acid. 


4-Dimethylamino-2,5-dimethylphenylarsineoxide, 


(CH,).N:C.H,(CH;),AsO, 
melts at 95°.529 
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2-Dime thylamino-a-naphthylarsineovide, (CH;).N. C,.H.AsO, melts 
at 128°,°°° and 4-dimethylamino-a-naphthylarsineowide at 125° .53 


2-Chloro-4-methylaminophenylarsineoxide, |(CH,HN)C,H,Cl. AsO, 
obtained from 3-chloromethylaniline and arsenic trichloride, is a white, 
amorphous powder melting at 120°, decomposing at higher temperature 
and readily soluble in acetone, chloroform or alcohol.5%? 


2-Chloro-4-dimethylaminophenylarsineoxide, [ (CH;)2N]C,H,CLAsO, 
is a white powder, m. p. 88°; soluble in chloroform, benzene or dilute 
acids, insoluble in alcohol or ether. With concentrated hydrochloric 
acid it yields the hydrochloride of the corresponding dichloroarsine.®*? 


2-Bromo-4-dimethylaminophenylarsineoxide melts at 92°.5%4 


3-Nitro-4-aminophenylarsineoxide, (O.N)(H.N)C,H,AsO, obtained 
by reducing the corresponding arsonic acid, is a yellow powder soluble 
in alkalis to a brown-red solution.®*® 


3-Nitro-4-triazophenylarsineowide, (ON) (N;)CsH;AsO, is made from 
3-nitro-4-aminophenylarsonic acid by first converting it into its dichloro- 
arsine with phosphorus trichloride, then diazotizing and treating with 
sodium azide. It is a colorless powder readily soluble in caustic soda, 
methyl or ethyl alcohol, but only sparingly so in sodium carbonate solu- 
tion.>%6 


3-Amino-4-carbethoxyaminophenylarsineoxide, 
C,H;OOCHN.C,H; (NH,) AsO. 


Prepared from the corresponding arsonic acid in the same manner as 
4-carbethoxyaminophenylarsineoxide. It is a slightly colored, amor- 
phous powder without a definite melting point; readily soluble in glacial 
acetic acid, alcohol, or dilute acids and practically insoluble in the 
ordinary organic solvents. It dissolves readily in caustic alkalis, from 
which it is reprecipitated with difficulty.°” 


2-Hydroxyphenylarsineoxide anhydride, 
ax om J\. O—As 


ex 
JA waar eZ : ( Y / x 
| | or O | 
oy Ag O— As— ry 
SOr4 : Si x Be 


Upon introducing a solution of 2-diazophenylarsonic acid into an equal 
volume of a cold saturated aqueous solution of sulfurous acid, there is 
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obtained a deep yellow liquid which is rapidly decolorized with a vigor- 
ous evolution of nitrogen, while the reaction product separates as a 
practically colorless powder. It crystallizes from hot glacial acetic acid 
in colorless, granular crystals, m. p. 177°; soluble in benzene, sparingly 
so in ether, and becoming dehydrated when dissolved in caustic soda 
solution. The above anhydride may also be made by hydrolyzing 
2-hydroxy phenyldichloroarsine.®** 


4-Hydroxyphenylarsineovide, HO.C,H,AsO.—Prepared by reducing 
the corresponding arsonic acid with sulfur dioxide in the presence of 
hydriodic acid. The resulting solution is saturated with sodium chloride, 
extracted with ether, and the ethereal extract, after neutralization with 
aqueous sodium carbonate solution, concentrated to crystallization. The 
same product may be obtained by employing other mild reducing agents 
such as phenylhydrazine, thionyl chloride or phosphorus trichloride. 

The arsineoxide is a white, crystalline mass unaffected by heating up 
to 240°; readily soluble in water, methyl or ethyl alcohol, acetone, 
glacial acetic acid, or ethyl acetate and sparingly in benzene, chloroform 
or carbon bisulfide. When reduced with sodium hydrosulfite it is con- 
verted into 4,4’-dihydroxyarsenobenzene.°** 


4-Methoryphenylarsineoxide, CH,0.C,H,AsO, is a colorless crystal- 
line mass obtained from the corresponding dichloroarsine by treatment 
with sodium hydroxide or carbonate.**® 


4-Ethoxyphenylarsineoxide, C.H;0.C,H,AsO, prepared like the pre- 
vious compound, melts at 105°, and is readily reduced by phosphorous 
acid to the arseno compound.*®? 


3,5-Dichloro-4-hydroxyphenylarsineoxide, HO.C,H.Cl..AsO, is made 
by reducing the arsonic acid. It crystallizes in small prisms sparingly 
soluble in water but readily so in alcohol, aqueous sodium hydroxide or 
carbonate.>** 


3-Nitro-4-hydroxyphenylarsineoxide, (O.N) (HO)C,H,AsO, from the 
corresponding arsonic acid by reduction with sulfur dioxide, is a pale 
yellow powder decomposing upon heating; readily soluble in alkalis, 
glacial acetic acid, methyl or ethyl aleohol and sparingly in cold water.5*? 
It decomposes when warmed with mercuric chloride in alkaline solution, 
yielding mercury di(3-nitro-4-hy droxy benzene) .4°° 


3-Amino-4-hydroxyphenylarsineoxide |“Arsenoxide” |, 
(H.N) (HO)C,H;AsO. 


To a solution of 46.8 g. of 3-amino-4-hydroxyphenylarsonie acid in 
360 c.c. of water and 208 c.c. of hydrochloric acid (d, 1.12) there is added 
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10 g. of potassium iodide, and the whole saturated with sulfur dioxide 
at ordinary temperature. Concentrated ammonia is then gradually intro- 
duced at low temperature with continuous stirring until the whole 
assumes an alkaline reaction, and the arsineoxide completely precipitated 
by the addition of 220 g. of sodium chloride. From the impure product 
thus obtained, it is practically impossible to isolate the pure compound 
because of its sensitiveness and great solubility. It is readily soluble 
in water, mineral acids, methyl or ethyl alcohol, acetic acid, alkali 
hydroxides or carbonates but insoluble in absolute ether.°*° When boiled 
in acid solution it decomposes, yielding di(3-amino-4-hydroxypheny]) - 
arsineoxide as an intermediate, and o-aminophenol as the final product.®* 

The hydrochloride, (HCl.H.N) (HO)C,H,AsO.4C.H;OH, is readily 
obtained pure by dissolving the crude arsineoxide as completely as pos- 
sible in absolute alcohol, filtering off inorganic impurities, adding absolute 
ether, refiltering and adding to the well-cooled filtrate a calculated 
amount of ethyl alcohol-hydrochloric acid drop by drop. The hydro- 
chloride separates as a white pulverulent precipitate containing one half 
of a molecule of ethyl alcohol; is readily soluble in water, methyl or 
ethyl alcohol, sparingly in glacial acetic acid and practically insoluble in 
acetone or ether. The aqueous solution reacts neutral to congo but acid 
to litmus. It condenses with sodium-$-naphthoquinonesulfonate to a 
dark-red product soluble in alkalis, and also yields condensation products 
with phenol-aldehydes. In moist air the hydrochloride deliquesces, and 
after drying the molten mass to constant weight over calcium chloride 
contains one molecule of water instead of one half of a molecule of 
ethyl alcohol. Sodium hydrosulfite reduces it to 3,3’-diamino-4,4’- 
- dihydroxyarsenobenzene, while with stannous chloride and an excess of 
hydrochloric acid the dihydrochloride of the same arseno compound is 
obtained. 


4-Amino-3-hydroxyphenylarsineoxide, prepared from the correspond- 
ing arsonic acid like the previous compound, is a white powder readily 
soluble in acids or alkalis.°*” 


4-Dimethylamino-3-methoxyphenylarsineoarde, 
[ (CH) oN] (CH;0) C.H;AsO, 


m. p. 60°, is obtained from 2-methoxydimethylaniline and arsenic tri- 
chloride by heating at water-bath temperature and treating the resulting 
dichloroarsine with caustic soda.°** 


5-Sulfo-3-amino-4-hydroxyphenyl-dihydroxyarsine or -arsenious acid, 
(HO).,As.C,H2(SO;H) (OH) (NH.).—On reducing 3-nitro-4-hydroxy- 
phenylarsonic acid in dilute alkaline solution at —2° with sodium 
hydrosulfite and allowing to stand over night at low temperature, crys- 
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tals of 3-amino-4-hydroxyphenylarsonic acid first separate. These are 
removed, the filtrate rendered slightly acid with concentrated hydro- 
chloric acid and kept at 0° or below for one week, when a mixture of 
sodium sulfate, the above dihydroxyarsine and the corresponding arseno 
compound precipitates out. The sodium sulfate is first removed by 
water at 40°, the remaining solid dissolved in ammonia and the calcium 
salt of the arseno compound precipitated by the addition of a 4 per cent 
solution of calcium chloride. The dihydroxyarsine is then precipitated 
from the filtrate upon acidification with hydrochloric acid. The same 
product is also obtained upon reducing the corresponding arsonic acid 
with sulfur dioxide in the presence of hydriodic acid. It crystallizes in 
white, minute, elongated plates remaining unmelted up to 280°, prac- 
“tically insoluble in water and entirely so in acids. Its sulfur is not 
removed by heating with lead acetate in alkaline solution, and it is 
remarkably stable to hot dilute aqueous caustic soda. Its ammoniacal 
solution, in contrast to that of the corresponding arsonic acid, gives no 
precipitate with lithium chloride, calcium chloride or magnesia mixture 
either in the cold or hot, but forms a crystalline precipitate immediately 
upon the addition of barium chloride at room temperature. The dihy- 
droxyarsine rapidly reduces ammoniacal silver nitrate solution to the 
metal in the cold. It can be readily diazotized and coupled with alkaline 
B-naphthol, yielding a deep reddish-brown, soluble dye.*** 


4-Carboryphenyldihydroxyarsine (4-Carboxryphenylarsenious acid, 
p-Benzarsenious acid), HOOC.C,H,As(OH).—Upon the addition of 
4-carboxyphenyldiodoarsine to an aqueous solution of sodium carbonate 
an evolution of carbon dioxide occurs, and a crystalline precipitate of 
the dihydroxyarsine is obtained upon acidulating with dilute hydro- 
chloric acid. When recrystallized from hot water, it separates in color- 
less needles which lose 1H,O at 145-160° and are converted into 4-carb- 
oxyphenylarsineoxride. The latter consists of needles which do not melt 
up to 280°. The dihydroxyarsine is readily soluble in alcohol or warm 
water, and remains unaffected on prolonged boiling with concentrated 
hydrochloric acid, in contrast to phenyl- and the three methylphenyl- 
arsineoxides which yield the corresponding dichloroarsines. * Upon boil- 
ing the free acid in water with calcium carbonate and concentrating the 
filtrate, a calcium salt, [ (HO).As.C,H,COO].Ca, separates in iridescent 
leaflets sparingly soluble in hot water and losing 1H.O above 100°, 
forming the salt, (OAs.C,;H,COO).Ca. With silver nitrate it yields a 
white precipitate of the corresponding silver salt.°*® 

The ethyl ester of 4-carboxryphenylarsineoxide, C.H;OOC.C,H,AsO, 
is prepared by dissolving dichloroarsinobenzoyl chloride in absolute 
alcohol and precipitating with dilute sodium carbonate solution. It is 
an amorphous powder, m. p. 277°; insoluble in water, sparingly soluble 
in alcohol and readily so in hot amyl alcohol. Caustic soda solution 
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readily hydrolyzes it to 4-carboxyphenylarsineoxide.® The myricyl 
ester, Cz>Hg,0OC.C,H,AsO, results upon the addition of a benzene 
solution of myricyl alcohol to 4-dichloroarsinobenzoyl chloride in the 
presence of pyridine. It separates from alcohol in white scales sparingly 
soluble in ether or hydrocarbons and insoluble in water or caustic 
alkalis. The cholesterin ester, C2;Hy,OOC.C.H.AsO, consists of white 
flakes, and is prepared like the myricyl ester.1°* The guaiacol ester, 
AsO 


CHER , 1s made from 4-dichloroarsinobenzoyl chloride 


aS 
COs0 C10CH: 
and guaiacol in benzene solution. It crystallizes from acetone-ether in 
tufts of small, white needles soluble in acetone or alcohol, insoluble in 
water or ether, and melting at 191°. It may be oxidized to the corre- 
sponding arsonic acid by means of hydrogen peroxide in acetone solu- 
tion.°4° The ester with dimethylaminodimethylethylcarbinol (4-Arsin- 


AsO 
: ve PrN ek 
oxystovaine), CoH, CH,N(CHs3)., is obtained by the action 
Ss Ve 
CO.0.C—CH, 


C,H; 
of sodium carbonate upon the corresponding dichloroarsine. It is a 
viscous oil whose hydrochloride has a similar consistency.*® 


4-Amino-3-carboxyphenylarsineoxide, (HeN) (HOOC)CeH.AsO, is 
obtained from the corresponding arsonic acid by reduction with sodium 
amalgam. It forms a black gold compound with auric chloride solu- 
tion,*** 


4-Acetylamino-3-carboxryphenylarsineoxide, 
(CH,COHN) (HOOC)C,H;AsO, 


is produced from 3-methyl-4-acetylaminophenylarsonic acid by boiling 
with phenylhydrazine in methy] alcohol solution, distilling off the greater 
part of the solvent and dissolving the residue in water. The excess 
phenylhydrazine is removed with ether, and the remaining aqueous solu- 
tion concentrated in vacuo at 30-40°. The residue is then saturated 
with sodium chloride and acidified with dilute sulfuric acid at low tem- 
- perature, the desired arsineoxide separating as a white powder decom- 
posing at 300°; readily soluble in alkaline hydroxide or carbonate 
solutions, and in hot dilute hydrochloric acid, sparingly so in glacial 
acetic acid or hot water and insoluble in alcohol or ether.**° 
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AsO 
4-Arsinoxybenzoylglycine, CoH, .—From 4-di- 


CONHCH,COOH 
chloroarsinobenzoyl chloride by treatment with an alkaline solution of 
aminoacetic acid.>** 


AsO 
4-Arsinoxybenzoylalanine, C.H. is a white 


\contoH (CH,) COOH, 
amorphous powder obtained from 4-dichloroarsinobenzoyl chloride by 
treating alanine in the presence of sodium bicarbonate. It is readily 
soluble in alkalis or alcohol, sparingly so in ether and insoluble in 
water.*°° 


4-Arsinozybenzoylphenylalanine, 


AsO 
We 
C,H, 


Xs 
CONHCH(CH,.C,H;) COOH, 
is prepared like the alanine derivative. 
AsO 


4-Arsinoxybenzoylleucine, CsH, 


CONHCH[CH,.CH(CH;).]COOH, 
is obtained as above. 
AsO 


ai 


4-Arsinorybenzoylaspartic acid, CoH, 


ee CONHCH(CH.COOH) COOH, 
is slightly soluble in cold water. 


4-Arsinoxybenzoylglutamic acid, 
AsO 


ia 
Cre 


S 
CONHCH(CH,.CH,COOH) COOH, 
changes into a glassy mass on continued standing in air. 
AsO 


es 


4-Arsinoxybenzoyltyrosine, CoH, 


CONHCH (CH,.C,.H,OH) COOH, 
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prepared from 4-dichloroarsinobenzoyl chloride and tyrosine in the 
presence of an excess of caustic soda, is a white amorphous powder 
soluble in alcohol or alkalis, and only very sparingly in water. 


N,N’-Pentamethylenebis (p-arsinosobenzamide) , 


CONH (CH:) ;,sNHOC 


resulting from the interaction of 4-dichloroarsinobenzoyl chloride and 
pentamethylenediamine in the presence of an excess of caustic soda, is a 
white powder soluble in caustic soda solution but insoluble in the usual 
solvents.1°° 


4-Arsinoxybenzophenone (Benzophenone-4-arsineoxide) , 
: AsO 


x 
COC,Hs. 


A solution of 4-dichloroarsinobenzoyl chloride (20 g.) in dry carbon 
bisulfide (100 c.c.) is added to 25 c.c. of dry benzene, and 25 g. of 
anhydrous aluminium chloride introduced in 5 g. portions to reduce the 
intensity of the reaction. After refluxing on a water-bath at 50° for 
two hours, the warm reaction-mixture is poured upon 300 g. of cracked 
ice, 10 c.c. of concentrated hydrochloric acid is added, and the carbon 
bisulfide and excess benzene removed by steam distillation. The aqueous 
layer is then removed, and the remaining gummy mass warmed with 
400 c.c. of dilute sodium carbonate and 50 ¢.c. of 6N-sodium hydroxide 
until practically complete solution is effected. After filterimg and 
cooling, the arsineoxide is precipitated by dilute hydrochloric acid. 
It is an amorphous solid readily soluble in warm alkalis, sparingly in 
absolute alcohol, benzene, ether or boiling water. Hydrogen peroxide 
in alkaline solution oxidizes it to the corresponding arsonic acid.°48 


4-Dihydroxyarsinobenzophenone (Benzophenone-4-arsenious acid), 


As(OH)>. 


(CASH , prepared by boiling the arsineoxide with water, is a 


a8 
COC.Hs 


crystalline solid readily soluble in alkalis, sparingly in absolute alcohol, 
and insoluble in ether or benzene.*** 
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AsO 
4-Arsinoxy-4’-methylbenzophenone, CoH, from 4-di- 


COC,H,.CHs,; 
chloroarsinobenzoyl! chloride and toluene, is difficult to obtain in the pure 
state on account of its amorphous character.°* 


As(OH),. 
4 - Dihydroxyarsino - 4’ - methylbenzophenone, CeH, 
COC,H..CHs, 


consists of fine needles soluble in alkalis, sparingly so in ethyl alcohol 
and insoluble in ether or benzene. It is obtained from the arsineoxide 
by boiling with water.®* 

AsO 


4-Arsinoryphenylthioglycollic acid, CeH, results upon 


S.CH,COOH, 
reducing the corresponding arsonic acid with phenylhydrazine in methyl 
alcoholic solution.®°° 
/ 

5. Aryl Arsinesulfides and -Sesquisulfides, RAsS and R,As.S;—\The 
unsubstituted aromatic arsinesulfides are crystalline solids generally 
soluble in benzene or chloroform and only sparingly so in alcohol or 
ether. The most convenient method of preparation depends upon the ~ 
interaction of hydrogen sulfide with the corresponding arsineoxide or 
dichloroarsine, generally in alcoholic solution: 


RAsO + H.S —— RAsS + H,0 
RAsCl, + H.S —~> RAsS-+ 2HCI. 


The same compounds are also obtained by the addition of two atoms of 
sulfur to one molecule of an arseno compound: 


RAs = AsR + 8, —~> 2RAsS. 
Nuclear substituted arsinesulfides are not only obtainable by the 


above methods, but in addition may be prepared by the action of 
hydrogen sulfide upon the corresponding arsonic acids: 
RAsO (OH), + 2H,S —— RAsS+ 8 + 3H.0. 
In several instances boiling with hydrochloric acid converts the 
arsinesulfides into the corresponding dichloroarsines with evolution of 


hydrogen sulfide. They form sulfo salts with either alkali polysulfides 
or alkali sulfides and sulfur: 


RAsS + Me.S + 8 ——> RAsS(SMe)., (Me = an alkali metal). 
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The primary aryl arsinesesquisulfides are generally derived from 
arsonic acids by treating with hydrogen sulfide in alkaline solution, and 
subsequently acidifying with hydrochloric acid. The reactions feealen 
are: 


RAsO (OMe), + 3H.8 —— RAsS(SMe). + 3H.0 
2RAsS (SMe), -+ 4HCl —— R,As.S, + 2H.S + 8 + 4MeCl. 


The products are well-defined, crystalline substances usually soluble in 
alkalis or organic solvents. They also dissolve in alkali polysulfides, 
forming sulfo salts: 


R.As.83 + Me.S, + Me,S ——> 2RAsS(SMe)>. 
The nuclear substituted compounds combine the properties of the sulfur 


derivatives and those of the corresponding non-arsenated organic com- 
pounds. 


Phenylarsinesulfide, CsH;AsS, is prepared by saturating a dilute 
alcoholic solution of the corresponding arsineoxide or dichloroarsine with 
hydrogen sulfide,°°! or by heating one mole of arsenobenzene with two 
atomic equivalents of sulfur.°°? It crystallizes from benzene in white, 
felted needles melting at 152°, and readily soluble in carbon bisulfide, 
hot benzene or caustic soda. It also dissolves in yellow ammonium sul- 
fide, the resulting solution yielding the corresponding arsinesesquisulfide 
with acids. The sulfide is difficultly soluble in alcohol, ether, ammonia, 
cold benzene or colorless ammonium sulfide; is unaffected by hydro- 
chloric acid but oxidized to phenylarsonic acid by nitric acid. With 
mercury diethy! it forms phenyldiethylarsine: 


C.H,AsS + Hg(C.H;), —— C,H; (C2H;).As + Hg8s. 
Heated above its melting point in an atmosphere of carbon dioxide, the 


sulfide decomposes in a similar manner as the arsineoxide, yielding tri- 
phenylarsine and arsenic trisulfide: 


3C,H;AsS ——> (C.H;);sAs + As.8;. 


4-Methylphenylarsinesulfide, (CH;)CeH,AsS, consists of lustrous 
white crystals, m. p. 146°; readily soluble in benzene or chloroform and 
practically insoluble in alcohol or ether.°* 


2,4-Dimethylphenylarsinesulfide, (CH;).CcH,Ass, fine white needles 
from ether or benzene-alcohol, m. p. 169°.°"° 


2,5-Dimethylphenylarsinesulfide, yellow needles, m. p. 188°.°°4 


Tertiary-butyphenylarsinesulfide, (CH;)sC.CeH,AsS, lustrous leaf- 
lets, m; p: 292°.** 
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4-Phenylphenylarsinesulfide, (Ce-H;)CeHsAss, m. p. 190°.°°° 


3-Nitro-4-methylphenylarsinesulfide, (O.N)C.H;(CH;) AsS.—Hydro- 
gen sulfide is introduced into an aqueous solution of the corresponding 
arsonic acid at 70° for two hours, the whole permitted to stand for 
twelve hours, again warmed to 70°, and treated with hydrogen sulfide 
as before. After repeating this procedure two more times, the resulting 
mixture of the arsinesulfide and sulfur is purified by the addition of 
ammonia, which dissolves the arsenical while the sulfur remains un- 
affected. After filtering, the solution is neutralized with hydrochloric 
acid, and the resulting precipitate further purified by dissolving in 
benzene and reprecipitating with alcohol. It forms yellow needles melt- 
ing at 141-2° and deflagrating at higher temperatures; is readily soluble 
in benzene or caustic alkalis, sparingly in alcohol and insoluble in water 
or ether.®*°° 


3-Aminophenylarsinesulfide, (H.N)C,H,AsS.—A_ concentrated am- 
moniacal solution of 3-nitrophenylarsonic acid is saturated with hydrogen 
sulfide, warmed on a water-bath for twelve hours, fresh ammonia added 
and the whole operation repeated. It is finally evaporated to dryness, 
the residue taken up with water, and the arsinesulfide dissolved by the 
addition of dilute hydrochloric acid. After filtering off the free sulfur, 
the solution is rendered ammoniacal, producing a white voluminous 
precipitate of the arsinesulfide.®°*” 

According to Michaelis, ammonium aminophenylthioarsonate is 
formed as an intermediate product which is decomposed by the hydro- 
chloric acid yielding the arsinesulfide: 


(H,N) C,HiAsS (SNH). + 2HCl —> 
(H,N)C,H.AsS + § + H,S + 2NH,Cl. 


Bertheim,°°* however, claims that in the above reduction a mixture of 
3-aminophenylarsine mono- and di- sulfides are obtained. 

The aminophenylarsinesulfide is a white, uncrystallizable powder 
softening at 182° and melting at 188° to a yellow liquid. It is readily 
soluble in dilute hydrochloric acid or concentrated alkalis, sparingly in 
dilute alkalis, insoluble in water or the usual organic solvents. It is 
very sparingly soluble in concentrated hydrochloric acid, forming a 
hydrochloride which yields a white amorphous precipitate of the sulfate 
with dilute sulfuric acid. When boiled with hydrochloric acid the sulfide 
is converted into the corresponding dichloroarsine and hydrogen sulfide. 


4- Aminophenylarsinesul fide results when a dilute hydrochloric acid 
solution of p-arsanilic acid is saturated with hydrogen sulfide, and the 
resulting precipitate freed of sulfur by extraction with carbon bisulfide. 
The arsinesulfide may also be prepared by dissolving the corresponding 
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arsineoxide in methyl alcohol and introducing hydrogen sulfide into the 
cooled solution as long as a precipitate is produced. It is a yellowish- 
white crystalline powder sintering at 165° and melting at 180°; readily 
soluble in aniline or pyridine, less so in acetone, sparingly in alcohol 
and insoluble in glacial acetic acid, benzene, chloroform or carbon bisul- 
fide. It readily dissolves in warm caustic soda, from which it is first 
reprecipitated and then redissolved by an excess of mineral acids, except 
in the case of concentrated hydrochloric acid when a precipitate of the 
hydrochloride is obtained.>®° 


4 - Dimethylaminophenylarsinesulfide, (CH;)2N.C.H,AsS, white 
needles from chloroform, m. p. 187°; insoluble in alkalis or hot water, 
and soluble in cold dilute hydrochloric acid. The latter solution decom- 
poses upon heating, yielding the hydrochloride of the corresponding 
dichloroarsine and hydrogen sulfide.*”® 


4-Diethylaminophenylarsinesulfide, (C2H;).N.Cs>HAsS, exists as 
white needles, m. p. 155°; readily soluble in chloroform and insoluble in 
alcohol.**? 


4-Dimethylamino-2-methylphenylarsinesulfide, 


(CH;).N.C.H;(CHs) Ass, 
melts at 168°.°°° 


4-Dimethylamino-3-methylphenylarsinesulfide is a pale-yellow, crys- 
talline powder, m. p. 65-7°; readily soluble in ether or chloroform, spar- 
ingly in alcohol.°* 


4-Dimethylamino-2,5-dimethylphenylarsinesulfide, 


(CH,),N.C.H»(CH;) 2AsS, 
melts at 162°.5% 


4 - Dimethylamino - a - naphthylarsinesulfide, (CH;)2.N.C,,.H.Ass, 
ADD Oa te ne 


2-Bromo-4-dimethylaminophenylarsinesulfide, (CH;)2N.CsH;Br. Ass, 
ine Delos 


3-Amino-4-hydroxyphenylarsinesulfide, (HN) (HO)C.H;Ass, is a 
white powder resulting from the action of hydrogen sulfide upon 3-amino- 
4-hydroxyphenylarsineoxide. With palladium chloride in methyl alco- 
holic medium it forms a brown, complex double-salt readily soluble in 
water or caustic soda.*** 
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4-Dimethylamino-3-methoryphenylarsinesulfide, 


[ (CH,)2N] (CH,O) C.H.AsS, 
m. p. 90°.5% 


Phenylarsinesesquisulfide, (CsH;).As.S;—-An ammoniacal solution 
of phenylarsonic acid is saturated with hydrogen sulfide and acidified 
with hydrochloric acid, the sesquisulfide separating as a yellow resinous 
mass which may be obtained crystalline from benzene.°°* The same 
product is formed by dissolving the arsinesulfide in yellow ammonium 
sulfide and reprecipitating with acids. Another method of preparation 
consists in heating one mole of arsenobenzene and two atomic equivalents 
of sulfur together with a freshly prepared solution of ammonium sulfide 
in a sealed tube.°®! The product crystallizes from benzene in pale yellow, 
transparent prisms, from glacial acetic acid in long, narrow leaflets, and 
from alcohol or ether in fine, white needles melting at 130° and decom- 
posing at higher temperatures. It is readily soluble in benzene or carbon 
bisulfide, less so in boiling glacial acetic acid, sparingly in alcohol or 
ether, slightly in caustic soda, and practically insoluble in ammonia. 
The compound dissolves very easily in sodium polysulfide, forming sodium 
phenyltrithioarsonate, C,H;AsS(SNa).; is unaffected by hydrochloric 
but oxidized by nitric acid to phenylarsonic acid with separation of free 
sulfur. 


4-Methylphenylarsinesesquisulfide, (CH;.CgH,).As.S;, is prepared 
by saturating an ammoniacal solution of the corresponding arsonic acid 
with hydrogen sulfide. It forms white needles from benzene-alcohol, 
m. p. 119-20°; readily soluble in benzene or carbon bisulfide, sparingly 
in hot glacial acetic acid, alcohol or ether.>** 


3-Nitrophenylarsinesesquisulfide, (O2.NCsH,).As.8;.— An aqueous 
solution of 3-nitrophenylarsonic acid is saturated with hydrogen sulfide 
at 50-60°, allowed to stand for twelve hours, and the whole process 
repeated four times. Ammonia is then added to the turbid solution, free 
sulfur removed by filtration, and the filtrate acidified with mineral acid. 
The sesquisulfide separates as a yellow precipitate which may be obtained 
in the form of yellow crystals from benzene-alcohol. It melts at 119° 
and intumesces at higher temperatures; is readily soluble in alkalis or 
benzene, sparingly so in alcohol, chloroform or carbon bisulfide and 
insoluble in water, ether or hgroin. Oxidizing agents readily convert it 
into 3-nitrophenylarsonic acid.5° 


4.- Acetylaminophenylarsinesesquisulfide, | (CH;COHNC,H,).As.8z, 
prepared by the action of hydrogen sulfide upon the corresponding arsonic 
acid in ammoniacal solution, forms lustrous needles from alcohol, m. p. 
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208° ; is readily soluble in aniline or pyridine, less so in alcohol or glacial 
acetic acid and sparingly in toluene or chloroform.®®? 


3-Nitro-4-hydroxyphenylarsinesesquisulfide, 
[ (O.N) (HO) C,H] 2ASoSsz, 


is obtained by saturating a solution of the arsonié acid in caustic soda 
with hydrogen sulfide at ordinary temperature and acidifying with 
hydrochloric acid. It is purified by recrystallizing first from acetone- 
water and then from boiling xylene, the product separating in hard, 
warty aggregates of yellow crystals melting at 160° with decomposition, 
and dissolving in alkalis to a reddish-brown solution.5* 


3-Amino-4-hydroxyphenylarsinesesquisulfide, 
[ (H2N) (HO) C,H;].As.8., 


derived from the arsonic acid by treatment with hydrogen sulfide in 
either acid or alkaline solution, is soluble in acids, alkalis or methyl 
alcohol, and is reprecipitated from the latter by means of ether. When 
boiled with lead acetate in alkaline solution it loses its sulfur.®** 


Bis {p-[ (acetylmercapto)amino)phenylarsylene} trisulfide, [Bis (S- 
acetylhydrosulfaminopheny|) -4,4’ -arsinesesquisulfide ], 


[ (CH,CO.S.NH)C,H.],As.8z, 


is formed together with the corresponding arsinedisulfide from atoxyl 
and formaldehydesulfoxylate. It separates from pyridine upon the addi- 
tion of methyl alcohol as a yellow, amorphous substance, melting at 
159° with decomposition.°* 


Hydrochloride of 4-aminophenylarsineselenide, (HCl.H.N)C,H.AsSe, 
separates on passing hydrogen selenide through an alcoholic solution 
of the corresponding dichloroarsine°** or arsineoxide.’? It is an 
orange-yellow powder quite difficultly soluble in water or dilute hydro- 
chlorice acid. 

By passing hydrogen telluride through an alcoholic solution of 
4-aminophenyldichloroarsine hydrochloride, the corresponding arsine- 
telluride, (HCL.H,.N)C,H,AsTe, is obtained as a red-brown substance 
sparingly soluble in dilute hydrochloric acid.°°* 


6. Arseno Compounds, R.As—=As.R.—Of all organic arsenicals, 
the most interesting chemically and the most valuable therapeutically 
are those containing the characteristic group — As = As— which is 
the exact analogue of the azo group, —N—=N—. Unlike the latter, 
however, it is at best only weakly chromophoric; in addition, the arseno 
compounds are much less stable than the corresponding azo derivatives. 
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The older and most frequently used method of preparation con- 
sists in reducing the corresponding arsonic acids or arsineoxides with 
various reducing agents. As the acids contain pentavalent arsenic, the 
reduction to the arseno condition is more difficult than in the case of 
the arsineoxides, in which the element is already in the trivalent form. 
Compounds of the latter type can, therefore, be reduced at ordinary or 
slightly elevated temperatures, while the arsonic acids usually require 
prolonged digestion. The reagents commonly employed for trivalent 
compounds are phosphorous or hypophosphorous acid, stannous chloride 
and hydrochloric acid, sodium amalgam in methy! alcoholic medium, 
or sodium hydrosulfite in neutral solution. The same reagents may be 
used with arsonic acids; in the case of phosphorous acid, however, it 
is further necessary to heat under pressure; with stannous chloride and 
hydrochloric acid a catalyst such as hydriodic acid is required; while 
with sodium hydrosulfite reduction is complete only upon warming at 
moderate temperatures. With the latter reagent the reaction generally 
proceeds smoothly, but the final product is often contaminated with 
impurities derived either from the reagent itself or formed as a result 
of a side-reaction. This is especially true in the case of 3-nitro-4- 
hydroxy-phenylarsonic acid, the resulting arsphenamine base being con- 
taminated with more or less of an unidentified sulfur-containing arsenical. 
It has been claimed that the formation of this impurity may be limited, 
but not entirely prevented, by the presence of certain salts such as 
magnesium chloride. 

Within recent years another satisfactory method for the prepara- 
tion of arseno compounds has been developed, depending upon the con- 
densation of a primary arsine with an arsineoxide, dihydroxy- or di- 
chloroarsine: 

RAsH, + R’AsO —~> RAs = AsR’ + H.O 
RAsH, + R’As(OH),. —~> RAs = AsR’ + 2H.0 
RAsH, + R’AsCl, —~ RAs = AsR + 2HCl. 


This method is not only very satisfactory for the synthesis of arseno 
compounds in general, but is especially adapted for the production of 
those derivatives which contain two different hydrocarbon residues, and 
are known as Unsymmetrical Arseno Compounds. The latter may also 
be prepared by reducing mixtures of (1) two arsonic acids, (2) two 
arsineoxides, (3) an arsonic acid and an arsineoxide, or by the inter- 
action of two symmetrical arseno compounds in warm solution: 

RAsO (OH). + R’AsO(OH), + 4H, —— RAs = AsR’ + 6H,0 

RAsO + R’AsO + 2H, —— RAs = AsR’ + 2H.0 

RAsO (OH), + R’AsO + 3H, ——> RAs = AsR’ + 4H.0 

RAs = AsR + R’As = AsR’ ——> 2RAs = AsR’. 


The unsubstituted derivatives are generally crystalline substances 
with definite melting points, and do not dissolve in water, acids or 
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alkalis. They are oxidized very slowly on exposure to air, but may 
be readily converted into arsonic acids by stronger oxidizing agents. 
When heated above their melting points the compounds decompose into 
triarylarsines and free arsenic according to the equation: 


3RAs = AsR ——> 2R,As + Aggy. 


They form coordination products with various metallic salts, and react 
with alkyl halides, yielding among other products arsonium mono- and 
-trihalides. With sulfur, aryl arsinesulfides are usually obtained, while 
with chlorine the resulting products are either dichloroarsines or arsine- 
tetrachlorides, depending upon the amount of halogen employed: 


RAs = AsR 4- S. —> 2RAsS AC il. 
RAs = AsR + Cl, —~ 2RAsC], ———> 2RAsClh. 


The arseno m- and p-xylenes possess the singular property of com- 
bining additively with two atoms of iodine in alcoholic medium to form 
symm. dixylyldiiododiarsines: 


(CH;),CeH,As = AsC,H,(CH;). +1,—- 
(Co 2CeH As ae AsC,H, (CHa). 
| | 


i i) 


The preparation of pure substituted arseno derivatives is generally 
attended with great difficulty, as in most cases they are amorphous 
products insoluble in water or the usual organic solvents. Although some 
compounds can be purified by dissolving in a solvent such as alcohol 
and reprecipitating with ether, no general procedure has thus far been 
developed, as the organic impurities seem to possess the same solubilities 
as the arseno compounds themselves. The substituted derivatives ex- 
hibit not only the characteristic properties of an arseno compound, but 
also those of the corresponding substituted hydrocarbons. Thus, the 
arsenoarylamines form water-soluble salts with hydrochloric acid, in- 
soluble sulfates with sulfuric acid, and condensation products with 
aldehydes, or salts such as sodium formaldehydesulfoxylate. Further- 
more, the arylarseno phenols or carboxylic acids form soluble salts with 
alkalis, while those containing both acid and basic groups are amphoteric. 

The introduction of substituents into the nuclei of arseno compounds 
increases their sensitiveness to oxygen to such an extent that on ex- 
posure to air they are oxidized more or less rapidly, depending upon 
the configuration of the individual molecule. The oxidation is more 
rapid in solution and even more so in the presence of alkalis, forming 
at first arsineoxides and finally arsonic acids. Furthermore, they readily 
reduce ammoniacal silver solutions and inorganic or organic mercurials 
to the metal, and are readily oxidized by nitric acid or iodine solution 
even at ordinary temperature. 

Upon reducing a mixture of equimolar amounts of an organic arsine- 
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oxide or arsonic acid and an inorganic arsenic compound, there is ob- 
tained a product whose constitution probably corresponds to the formula, 


Nei DNR. 
| 
PNG = INEIBY 


The derivatives formed with proportionately larger quantities of the 
- jnorganic arsenical, however, contain more arsenic than that required 
by the above formula, and are also darker in color. The reaction may 
be carried out in the cold as well as at higher temperatures, depending 
upon the particular reducing agent selected. The products, which may 
also be prepared by passing arsine (AsH,) through solutions of various 
dichloroarsines or arsineoxides, are generally yellow powders resembling 
the corresponding arseno compounds both with respect to their solubilities 
and reactions. 

Similarly, by treating dichloroarsines or arsineoxides with phosphines 
or stibines, products called Arsenophosphides and -antimonides respec- 
tively are obtained. The latter may also be prepared by treating 
aromatic arylarsines with antimony trihalides or antimonous salts such 
as antimony! chloride or tartar emetic: 


RAsH, + SbX, —— RAs=SbX + 2HX (X=a halogen atom); 


by reducing mixtures of either arsineoxides or arsonic acids and stibonic 
acids by means of sodium hydrosulfite; or by condensing arsines with 
aryl stibineoxides or dihalogenated stibines. 

The phosphides are generally yellow and the antimonides brownish 
amorphous substances possessing properties similar to those of the cor- 
responding arseno compounds. 

Finally, products containing bismuth attached to arsenic by a double 
link, and known as Arseno-bismuth compounds, have been prepared by 
condensing arylarsines with bismuth trihalides in methyl alcoholic solu- 
tion containing the corresponding haloid acid. They are black amorphous 
products decomposing gradually when treated with acids or alkalis. 


Arsenobenzene, C,;H,As = AsC,H;, is prepared by reducing phenyl- 
arsineoxide or the corresponding arsonic acid with phosphorous acid.*! 
In the latter case, the reduction may be more rapidly effected by employ- 
ing hypophosphorous acid.**® The product crystallizes in pale yellow 
needles melting at 196° (Michaelis), 208° (Binz), decomposing at higher 
temperature into triphenylarsine and free arsenic. It dissolves readily 
in carbon bisulfide, chloroform or benzene, forming solutions which 
readily resinify; is difficultly soluble in alcohol, and insoluble in water 
or ether. The arseno compound is converted into phenylarsonic acid 
by oxidizing agents, and combines directly with chlorine or sulfur, 
yielding phenyldichloroarsine and phenylarsinesulfide respectively. When 
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heated in a sealed tube with two atoms of sulfur in the presence of 
freshly prepared ammonium sulfide, it is partly converted into phenyl- 
arsinesesquisulfide. With mercury diethyl at 150°, phenyldiethylarsine 
is obtained: 


(CgH;) sAse + 2Hg(C.H;), —~> 2C,.H; (C.H;).As + Hg,; 


while with hydriodic acid at 100° for four hours, benzene, arsenic triodide 
and free arsenic are formed: 


3(C.H;) As, + 6HI —— 6C,H, + 2AsI, + Asy. 


The products obtained upon heating arsenobenzene with methyl iodide 
in a sealed tube at water-bath temperature, are phenyltrimethylarsonium 
iodide, -triiodide, and phenyldiiodoarsine; **! with ethyl iodide, phenyl- 
triethylarsonium iodide, phenyldiiodoarsine and symm. diphenyldiiododi- 
arsine; °? while with phenyltrimethylarsonium triiodide, the correspond- 
ing arsonium iodide and phenyldiiodoarsine are obtained.2 By treating 
the arseno compound with silver nitrate in either pyridine or aqueous 
medium, there is formed a black coordination compound; with aqueous 
gold chloride a similar product is obtained; while a yellowish-brown co- 
ordination compound with cupric chloride results upon reducing a 
mixture of phenylarsonic acid and cupric chloride with hypophosphorous 
acid.” 573 


2,2’-Dimethylarsenobenzene (o-Arsenotoluene), 
(FEC) ©,H.As — AsC,H, (CH ) 


is formed when the corresponding arsine oxidizes in air. It may be 
purified by crystallization from benzene and melts at 205-8°.*!° 


3,3’-Dimethylarsenobenzene (m-Arsenotoluene) is a white amorphous 
powder, m. p. 106°, obtained by reducing the corresponding arsineoxide 
with phosphorous acid in alcoholic solution. It is insoluble in the usual 
organic solvents except carbon bisulfide or cymene.°° 


4,4’-Dimethylarsenobenzene (p-Arsenotoluene), prepared like its 
isomer, crystallizes in lustrous needles melting at 184°. Chlorine con- 
verts it successively into the dichloroarsine and arsinetetrachloride; nitric 
acid oxidizes it to p-tolylarsonic acid.“°? With methyliodide at 100°, 
it yields p-tolyltrimethylarsonium iodide and p-tolyldiiodoarsine.*™ 


2,4,2’ 4’-Tetramethylarsenobenzene (Arseno-m-xylene) , 
(CH;)2C.H,As = AsCgH,(CHs)., 


crystallizes from chloroform-ether in lustrous needles, m. p. 194-6°, and 
combines with iodine in alcoholic suspension to form symm. di-m xylyldi- 
iododiarsine.*”° 


152 ORGANIC ARSENICAL COMPOUNDS 


2.5,2',5'-Tetramethylarsenobenzene (Arseno-p-rylene), is a white 
powder melting at 208°, and combining with iodine in alcoholic medium 
like its m-isomer.*”* 


Di(tertiary-butyl) arsenobenzene, (CH;),CC,HsAs=AsC,H,C(CHs)., 
melts at 198°.46° 


Arseno-a-naphthalene, C1)H;As = AsC,oH;, exists as yellow needles, 
m. p. 221°, sparingly soluble in alcohol, benzene, carbon bisulfide or 
chloroform, and insoluble in water or ether. It behaves in the usual 
manner with chlorine, sulfur or nitric acid. *4% °™ 


Arseno-B-naphthalene separates from xylene as yellow needles, m. p. 
234° 578 


prepared by reducing the corresponding arsineoxide with phosphorous 
acids"! 


4,4’-Diphenylarsenobenzene, (CeH;)CeH,As = AsCeHi(CeH;), is 


Arsenoanthrahydroquinone, 


C(OH) C(OH) 


Va va as 
Con. Ceo Aa == AsC.H, C.H 


; ~ 
C(OH) C(OH) 


obtained by reducing anthraquinonearsonic acid with sodium hydrosulfite, 
is a brown amorphous solid soluble in alcohol, ether or N-alkali, and 
insoluble in 2N-sodium carbonate. Its alkaline solution rapidly oxidizes 
to the parent arsonic acid on exposure to air.°7* 


4,4’-Dviodoarsenobenzene, IC,H,As = AsC,HyI, is a yellow powder, 
insoluble in the usual organic solvents and melts at 145-50°. It is 
formed upon reducing the corresponding arsineoxide with phosphorous 
acid.4°° When heated with methyl iodide at 100°, it yields 4-iodophenyl- 
trimethylarsonium iodide and 4-iodophenylduodoarsine.*** 


8,3’-Dimtroarsenobenzene, (O.N)C,H,As = AsC,H.(NO.), results 
upon heating 3-nitrophenylarsonie acid with phosphorous acid in a sealed 
tube at 115° for 12 hours. It is a yellow, insoluble powder which 
intumesces without melting, forms additive compounds with halogens 
or sulfur, and is oxidized to the parent substance by nitric acid.o7 


3,3’-Dinitro-4,4’-dimethylarsenobenzene, 
(O.N) (H,;C)C,.H,As = AsC,H,(CH,) (NO.), 


similarly prepared, is a yellow powder decomposing at 165°, and in- 
soluble in the usual solvents.°*® 
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?-Dinitro-2,5,2’ ,5’-tetramethylarsenobenzene, 
(O,N) (H;C),C.H,As = AsC,H, (CH3)2(NO,) ) 
is a yellow powder sintering at 165° and intumescing at higher tempera- 


tures. It is derived from the corresponding arsonic acid like the pre- 
ceding compound.*** 


2,4,2’ ,4’-Tetranitroarsenobenzene, (O.N).C,H,;As = AsC,H; (NO,) »— 
From the corresponding arsonic acid by warming with hypophosphorous 
acid at 50-60° in the presence of a slight amount of hydriodic acid, and 
working up the resulting red-brown precipitate in an atmosphere of 
nitrogen or carbon dioxide. The product is soluble in the usual organic 
solvents.*°° 

The following three arseno compounds, prepared by reducing the 
corresponding arsonic acids with boiling hypophosphorous acid, are sol- 
uble in alkalis, and yield the parent compounds upon oxidation with 
hydrogen peroxide: 


3,3’ -Bis (2-amino-3,6-disulfo-1-naphthylazo) arsenobenzene, 
AsC,H. 2 N =— IN Grote (SO,H) 2 (NH,) 


! 
NACA Bl 5 N — INC iglaly (SO,H) ) (NH.,) ) 
a brownish-red powder; 4,4’-Bis (1-amino-8-hydroxy-3,6-disulfo-7-naph- 
thylazo) arsenobenzene, 
AsC,Hu.N = NCH, (80;H),(O8) (NH) 


AsC,H,.N = NC,.H; (SO,H)2(OH) (NH:), 


a dark powder with a metallic luster; °*t and 4,4’-Bis(2-amino-6-sulfo- 
8-hydroxy-1-naphthylazo) arsenobenzene, 


AsC,H,.N = NC,,H:(SO,H) (OH) (NH:) 
| 
AsC,H,.N = NC,,H;(SO,H) (OH) (NH2), 


a violet-red powder.°*” 


2,2’-Diaminoarsenobenzene (o-Arsenoanaline) , 
(H,N)C,H.As = AsC,H,(NH2), 
is a greenish-yellow powder produced by the electrolytic reduction of 
2-nitrophenylarsonic acid in hydrochloric acid solution, and aerating the 
resulting liquid.?** 


4,4/-Diaminoarsenobenzene (p-Arsenoaniline) results upon reducing 
4-aminophenylarsineoxide with sodium amalgam in methyl alcoholic so- 
lution,®®* with stannous chloride-hydrochloric acid,°** or electrolytically 
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in an alkaline medium.®*** It may also be obtained from 4-aminopheny]l- 
arsonic acid by treatment with sodium hydrosulfite at 50°,°°° by 
electrolysis in alkaline solution,®** or by reduction with stannous chloride- 
hydrochloric acid,°** especially in the presence of a slight amount of 
hydriodic acid.°8* The same product is precipitated upon condensing 
4-aminophenylarsine with 4-aminophenylarsineoxide in hydrochloric acid 
solution and neutralizing with sodium acetate.°** 

The compound consists of pale-yellow flakes, m. p. 260°; soluble 
in pyridine, dilute hydrochloric acid, glacial or 50% acetic acid, and 
insoluble in water, aqueous alkalis or the usual organic solvents. Con- 
centrated hydrochloric acid precipitates’ the hydrochloride from dilute 
acid solutions, while with dilute sulfuric acid an insoluble sulfate is 
obtained. The arseno compound possesses strong reducing powers, lib- 
erating the free metal from ammoniacal silver solution even in the cold. 
It is oxidized to p-arsanilic acid by hydrogen peroxide in alkaline or 
ammoniacal suspension, as well as by iodine in acetic acid solution. In 
addition, it exhibits the characteristic properties of a primary amine— 
it may be diazotized and coupled with azo components, and forms 
condensation products with aldehydes or B-naphthoquinonesulfonic acid. 
It also condenses with sodium benzaldehydebisulfite, forming a soluble 
product.*?7 

The dihydrochloride, (HC1.H.N)C,H,As = AsC,H,(NH..HCl), is a 
yellow crystalline powder, decomposing at 151° without melting; soluble 
in dilute hydrochloric acid, but insoluble in water or the usual organic 
solvents. The sulfate and the basic sulfite, 


[H.N . C,H.As —_ AsC,H, . NH, | 2. HigeOs, 


are also insoluble compounds, while the platinichloride is a yellowish- 
brown powder easily soluble in pyridine or dilute hydrochloric acid.**® 


4,4’-Diamino-a-arsenonaphthalene, H:N.C,)HsAs = AsC,.H,.NHsz, 
separates as a yellow insoluble dihydrochloride on reducing 4-nitro-a- 
naphthylarsonic acid with stannous chloride-hydrochlorie acid in methyl 
aloholic solution. The free base, formed by hydrolyzing the above 
salt with water and 95% alcohol, has a reddish-brown color and, like 
its dihydrochloride, oxidizes very rapidly in moist air.®®° 


§,5’-Diamino-1,1’-arseno-2,2’-stilbene, 


INGE ee ING 
Le > 
HN .C.H; C.H,.NHz, 
x 
Gh aC 


is derived from 5,5’-diamino-2,2’-stilbenediarsonic acid by reduction with 
sodium hydrosulfite at 50-60° as a yellow precipitate insoluble in alkalis, 
and slightly soluble in excess of mineral acids.°% 
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3,5,3’,5’-Tetranitro-4,4’-diaminoarsenobenzene, 
(HN) (O.N) 2CeH,As = AsC,H, (NO.)2(NH,) ) 


is a reddish-brown powder difficultly soluble in mineral acids and in- 
soluble in alkalis or the usual organic solvents. It is prepared from 


3,5-dinitro-4-aminophenylarsonic acid and phosphorous acid in alcoholic 
solution.5®? 


2,4,2’ ,4’-Tetraaminoarsenobenzene, (H.N).Cs.H,As = AsC,H;(NH,)>. 
—The corresponding arsonic acid is warmed to 70-80° with stannous 
chloride and hydrochloric acid containing a few drops of potassium 
iodide solution, cooled to 40°, and poured into glacial acetic acid. The 
resulting yellowish-white precipitate, consisting of a double chloride of 
the arseno compound and tin, is decomposed by dissolving in 2 to 3 
N-hydrochloric acid, and adding successively glacial acetic acid and 
ether, the arseno compound separating as a yellowish-white precipitate. 
It is not only an extremely oxidizable compound, but is also readily 
hydrolyzed by water to m-phenylene diamine, arsenious and arsenic 
acids. It behaves like a meta diamine, coupling with diazo compounds 
to form azo dyes without loss of arsenic, and producing an azo-dye of 
the Bismarck-brown type with nitrous acid.**® 


3,4,3’ ,4’/-Tetraaminoarsenobenzene results upon boiling 38-nitro-4- 
aminophenylarsonic acid with hypophosphorous acid in glacial acetic 
acid solution and finally adding potassium iodide.°®* With sodium 
formaldehydesulfoxylate it forms a condensation product which combines 
additively with cupric chloride to a yellowish-red powder soluble in 
alkalis.°** 


3,4,5,3' 4 6’-Hexaaminoarsenobenzene, 
(H,N) 3CeHeAs — AsC,H. (NH;) 3) 


may be prepared directly from 3,5-dinitro-4-aminophenylarsonic acid by 
reduction with either tin and hydrochloric acid ®®> or sodium hydro- 
sulfite,°*® or indirectly by first converting the above arsonic acid into 
3,5,3’,5’-tetranitro-4,4’-diaminoarsenobenzene by means of phosphorous 
acid in alcoholic solution, and finally reducing with stannous chloride- 
concentrated hydrochloric acid.°°? The same product is also obtained 
on warming 3,4,5-triaminophenylarsonic acid with hypophosphorous 
acid.°®? The free base is a very unstable product, darkening rapidly on 
exposure to air. Its hydrochloride is a yellowish-green powder easily 
soluble in water or dilute acids, but insoluble in alkalis or the usual 
organic solvents. Upon adding aqueous sodium carbonate to a dilute 
hydrochloric acid solution of the salt, and thoroughly mixing the evolved 
carbon dioxide with the liquid, a precipitate of the free base is obtained 
which rapidly redissolves to a clear solution remaining unchanged upon 
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the addition of aqueous caustic soda. The solution is not very stable as 
the free base separates out within a very short time.°*? The hydro- 
chloride yields an unsymmetrical arseno compound when warmed with 
either arsphenamine or bismethy]-3,4,5,3’,4’,5’-hexaaminoarsenobenzene 
hydrochloride.*** 


4,4’ -Dioxalyldvaminoarsenobenzene, 
HOOCCONH.C,H,As = AsC,H,. NHCOCOOH. 


Obtained by reducing the corresponding arsonic acid with sodium hydro- 
sulfite in sodium chloride solution at — 15°, separating as a pale yellow 
precipitate insoluble in organic solvents, but soluble in alkahs. Upon 
warming its alkaline solution an insoluble compound is produced.°** 


4-Arsenophenylglycine, 
HOOCCH,HN.C,H,As = AsC,H,. NHCH,COOG, 


is a reddish-brown, readily oxidizable powder soluble in aqueous alkalis, 
aniline or pyridine, and insoluble in alcohol, ether, benzene or dilute 
mineral acids. It is obtained by warming the arsonic acid with sodium 
hydrosulfite which has been previously neutralized by the successive 
additions of dilute caustic soda and magnesium chloride. 

The disodium salt, 


NaQOCCH,HN.C,H.As = AsC,H,. NHCH,COONa, 


[“Spirarsen”, “Spirarsyl”, “418” (in Ehrlich’s series], produced from 
the acid derivative by dissolving in the requisite amount of concen- 
trated sodium hydroxide solution and precipitating with alcohol, is a 
bright yellow, microcrystalline, water-soluble powder oxidizing in air to 
the corresponding arsineoxide.°** It exhibits marked trypanocidal prop- 
-erties and has a comparatively low toxic action upon experimental 
animals, but the results obtained in human syphilis are not so favorable. 
This substance is of particular interest, as it was the first arseno com- 
pound whose biological behavior was so exhaustively studied by Ehrlich 
and his collaborators.®®® 

A very stable derivative of 4-arsenophenylglycine is prepared by 
adding the requisite amount of 40% formaldehyde to its slightly alkaline 
solution, and precipitating with cold absolute alcohol.*°° With aqueous 
auric chloride the arseno compound forms a grayish-yellow addition 
product in which the gold is very firmly fixed. It is easily soluble in 
water or aqueous alkalis.°°! 


4-Arseno-(2-methylphenylglycine), [p-Arseno-o-tolylglycine], 
(HOOCCH,NH) (H;,C)C,.H,As = AsC,H;(CH;) (NHCH.COOH), 


prepared like the preceding compound, is a yellowish-brown powder 
which darkens when heated above 200°, and is easily soluble in alkali 
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hydroxides or carbonates, sparingly so in the usual organic solvents 
except pyridine or aniline, and insoluble in water.®2° 


3,5,3’,6’-Tetramtro-4,4’-bismethylaminoarsenobenzene, 
[(H;C) HN] (O.N).C,H.As = AsC,H, (NO.).[NH(CH,) ], 


is a slightly dark powder intumescing upon heating, readily soluble in 
acids, but insoluble in alkalis or the usual organic solvents. It results 
upon reducing the corresponding arsonic acid with phosphorous acid.°°2 


3,5,3’,6’-Tetraamino-4,4’-bismethylaminoarsenobenzene, [“Arsalyt’’], 
[ (H;C) HN] (H.N).C,.H,As = AsC,H,(NH2).[NH(CH,) ], 


may be obtained from 3,5-dinitro-4-methylnitroaminophenylarsonic acid 
by reduction with either tin,°’* zine dust or stannous chloride and hydro- 
chlorice acid,°°* or by hypophosphorous acid containing a slight amount 
of hydriodic acid; °’° from 3,5-dinitro-4-methylaminophenylarsonic acid 
by warming with sodium hydrosulfite; or by treating either 3,5,3’,5’- 
tetraaminoarsenophenylmethylhydrazine or 3,5,3’,5’-tetranitro-4,4’-bis- 
methylaminoarsenobenzene, with tin and concentrated hydrochloric 
acid.°°® The free base is a yellowish-green powder, darkening on expo- 
sure to air, m. p. 95° with decomposition, readily soluble in acetone, 
acetic or hydrochloric acid, sparingly so in alcohol and insoluble in water. 
The hydrochloride is soluble in water, but insoluble in concentrated 
hydrochloric acid. A stable solution of the base is obtained by dissolv- 
ing the hydrochloride in water and adding an excess of alkali bicarbonate 
either in vacuo or in an atmosphere of carbon dioxide.*°* 


3,6,3 ,6’-Tetraamino-4,4’ -diprperidinoarsenobenzene, 
[ (H.C) ,N] (H.N).C.H,As = AsC,H,(NH2)2[N(CHz)s], 


separates as a hydrochloride on treating the corresponding dinitroarsonic 
acid with stannous chloride and hydrochloric acid containing a few 
drops of potassium iodide solution. It is a yellow powder easily soluble 
in water, but insoluble in alkalis or organic solvents."°* 


pip’ -Arsenobis (N-methyl-N-phen ylglycine), 


H,C CH; 
‘\ 
N.C,H.As — NS Op Elan } 
sano CH,COOH 


is a yellow powder soluble in alkali hydroxides or carbonates, but 
insoluble in acids or the ordinary organic solvents. It results upon 
reducing the corresponding arsonic acid with sodium hydrosulfite. From 
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its neutral solution in sodium hydroxide or carbonate, alcohol or acetone 
precipitates the bright-yellow, water-soluble sodium salt.°°° 


p,p’ -Arsenobis (N-ethyl-N-phenylglycine), 


Jal kCe C.H; 
BS use 
N . C,H.As — AsC,H, . N ) 
a a 
HOOCCH, CH,COOH 
and the corresponding amyl compound, 
HC; CsHai 
a 
N ° C,H.As — AsC,H, . N ’ 
ve x 
HOOCCH, CH,COOH 


resemble the methylglycine derivative both with regard to method of 
preparation and properties.*® 


p,p’-Arsenobis[ N-methyl-N- (2-aminophenyl) glycine], 
Janae CH; 
a 
N(H.N)C,H;As = AsCsH;(NH.)N : 
vo \ 
HOOCCH, CH,.COOH 
is obtained from the corresponding nitroarsonic acid by reducing with 
sodium hydrosulfite. Its disodium salt, which is very soluble in water 
but insoluble in organic solvents, can only be preserved in the dry state 
in vacuo. 
The corresponding ethyl and amyl glycine derivatives resemble the 
methyl compound."!” 


p,p’ -Arsenobis[ N-methyl-(3-aminophenyl) glycine] separates as the 


ao H, 


~ 
N N 


| Pie ia | 
anhydride, OCCH, C,H Asi A&sC.bs CH,CO, on treating the 
eo ~< 
NH NH 
corresponding nitroarsonic acid like the preceding compound.*” It is 
insoluble in alkalis, acids or organic solvents. Upon oxidation with 
hydrogen peroxide, the followmg water-soluble acid is obtained, 


NH 


oe : 
H.OsAsC,H, >CH,. 
ae 
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p,p’-Arsenobis (N-acetyl-N-phenylglycine) , 
CH,;CO COCH; 


Ze 
N . C,H,As — AsC,H, . N 


) 


HOOCCH, CH,COOH 


obtained by treating the arsonic acid with sodium hydrosulfite, or by 
acetylating 4-arsenophenylglycine in sodium carbonate solution at 5° 
with the exclusion of air, is a yellow powder which is much more stable 
than 4-arsenophenylglycine.*! 


4,4’-Tetramethyldiaminoarsenobenzene, 
(H,C) oN 3 C,H.As — AsC,H, 5 N (CH,) 2) 


from 4-dimethylaminophenylarsineoxide and sodium amalgam in alco- 
holic solution, is a yellow, granular, crystalline powder, m. p. 202°; 
readily soluble in chloroform or dilute acids, and insoluble in water or 
alcohol. It is easily oxidized to the parent compound when exposed to 
the air either in the dry state or in solution. Heated with concentrated 
hydrochloric acid in a sealed tube at 150°, it completely decomposes into 
dimethylaniline, arsenic trichloride and free arsenic: 


3[(H,C).N.C.H,As]. + 6HCl —— 6C,H;.N(CHs). + 2AsCl, + Asy. 
Its dihydrochloride is a red crystalline mass readily soluble in water, 


and rapidly oxidizing in air to the hydrochloride of the corresponding 
arsineoxide.*!* 


4,4’-Tetraethyldiaminoarsenobenzene is a yellow, crystalline powder, 
m. p. 180°; readily soluble in chloroform or acids, but insoluble in alcohol. 
The hydrochloride is a red, crystalline, readily oxidizable salt.*** 


4,4’-Tetramethyldiamino-2,2’-dimethylarsenobenzene, 
[ (H,C).N] (H,C)C,H,As = AsC,H;(CH;) [N(CH,).2], 


prepared from the arsineoxide like the two preceding compounds, melts 
ALAL DO.” 28° 


4,4’-Tetramethyldiamino-3,3’ -dimethylarsenobenzene, is a stable, pale 
yellow powder, m. p. 75°; obtained from the arsineoxide by warming 
with phosphorous acid in alcoholic solution. The hydrochloride is a 
red hygroscopic mass.°*" 


4,4’-Tetramethyldiaminoarsenonaphthalene, 
(H,C).N.Ci.HgAs = AsC,.H,.N(CHs)>, 


m. p. 148°, is formed from the arsineoxide and sodium amalgam." 
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3,3’-Diamino-4,4’-tetramethyldiaminoarsenobenzene, 
[ (H:C).N] (H.N)C.H,As = AsC,.H;(NHz) [N(CHs).2], 


consists of a yellow powder prepared from the corresponding nitrodi- 
methylaminophenylarsonic acid and sodium hydrosulfite at 50-60°. Its 
tetrahydrochloride is a yellowish-white powder formed by dissolving the 
base in methyl! alcoholic hydrochloric acid and precipitating with ether.** 


3,5,3’ ,6’-Tetraamino-4,4’-tetramethyldiaminoarsenobenzene, 
[ (HC) oN | (H.N).C.H,As = AsC,H.(NHz2). [N (CH) 2| ) 


is isolated as the hydrochloride by reducing the corresponding dinitro- 
dimethylaminophenylarsonic acid with stannous chloride and hydro- 
chloric acid containing a few drops of potassium iodide solution. The 
salt is a yellowish-white powder easily soluble in water, more difficultly 
so in alcohol, and insoluble in alkalis or organic solvents.°°* 


3,6,3' ,6’-Tetraamino-4,4’-tetraethyldiaminoarsenobenzene resembles 
the preceding compound with regard to properties and method of prepa- 
ration.®°* 


3,5,3' ,6’-Tetraaminoarsenophenylmethylhydrazine, 
HC CH; 


N(H.N).C,H.As = AsC,H.(NH.).N 


Ze 
HN NH, 


3,5-Dinitro-4-methylnitraminophenylarsonic acid is treated with stan- 
nous chloride and hydrochloric acid below 50°, and the arseno base 
precipitated by neutralization with caustic soda. It darkens in air, 
melts at 102-5° with decomposition, and is insoluble in water or the 
usual organic solvents. Its hydrochloride is a grayish-green powder, 
which also darkens in air, and is easily soluble in water or dilute acids, 
but insoluble in alkalis.°'® 


8,5,3’,5’- Tetraamino - 2,4,2’ 4’ - tetramethyltetraaminoarsenobenzene, 
(H,;C.HN).(H,N).C.HAs = AsC,H(NH.).(NHCHs)., is obtained as a 
yellow hydrochloride upon reducing 4-methylnitramino-3,5-dinitro-2- 
methylaminophenylarsonic acid with tin and hydrochloric acid. Its 
dilute sodium carbonate solution remains stable for an indefinite period 
in an atmosphere of nitrogen or carbon dioxide.®'® 


2,2’-Dibromo-4,4’-tetramethyldiaminoarsenobenzene, 
[ (HsC)2N]BrC,H,As = AsC,H,Br[N(CHs).], 


m. p. 235°, is formed from the corresponding arsineoxide and sodium 
amalgam.*7 
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2,2’-Dichloro-3,5,3’ 5’ -tetraamino - 4,4’- bismethylaminoarsenobenzene, 
[(H,;C) HN] (H.N).CIC,HAs = AsC,HCI(NH,).| NH(CH,)], prepared 
from 2-chloro-3,5-dinitro-4-methylnitraminophenylarsonic acid by reduc- 
tion with zinc or tin and hydrochloric acid, rapidly darkens on exposure 
to the air, is soluble in dilute hydrochloric acid, and insoluble in water. 
It also dissolves in aqueous sodium bicarbonate, forming a yellow solu- 
tion which is stable in an atmosphere of carbon dioxide.**® The hydro- 
chloride is a yellowish-green powder easily soluble in water, sodium 
carbonate or bicarbonate solution.*!® 


2,6,2’ ,6’-Tetrachloro -3,5,3’ ,6’-tetraamino-4,4’ - bismethylaminoarseno- 
benzene, [ (H,;C) HN] (H,N).Cl,C,As = AsC,Cl, (NH.).[NH(CH,) ], is 
a yellow powder prepared like the preceding compound. It forms a 
stable solution with aqueous sodium or ammonium bicarbonate. The 
hydrochloride is soluble in water, while the sulfate is insoluble.*1¢ 


2,2’-Dibromo -3,5,3’ ,5’- tetraamino-4,4’ - bismethylaminoarsenobenzene 
resembles the corresponding chlorine derivative both with regard to 
method of preparation and properties.®'® °* 


4,4’-Dihydroxyarsenobenzene (p-Arsenophenol) , 
HO : C,H.As — INSCalaly Olel. 
Obtained by reducing the corresponding arsineoxide,*!® or arsonic acid 
with sodium hydrosulfite.°?? It is a yellowish-brown powder decompos- 
ing above 200°; readily soluble in aqueous caustic soda, alcohol, acetone 
or ether, and insoluble in dilute mineral acids, benzene or chloroform. 
The disodium salt is a yellow powder readily soluble in water but only 
sparingly in methyl or ethyl alcohol. With auric chloride in concen- 
trated aqueous solution, it forms a black addition product.°”* 


4,4’ -Dihydroxy-3,3'-dimethylarsenobenzene |p-Arseno-o-cresol], 
(HO) (H;,C) CsH;As = AsC,.H;(CH;) (OH), 
resembles the preceding compound both as to properties and method of 
preparation.°”° 
5,5'-Dihydroxy-1,1’-arseno-2,2’ -stilbene, 
As = As 


ue n 
HO.C.H; C.H,.OH, 


P< 
CH = HC 
is formed by reducing the corresponding diarsonic acid with sodium 
hydrosulfite.*** 
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4,4'-Dimethoxyarsenobenzene (p-Arsenoanisole) , 
CH,0.C,H,As = AsC,H,.OCHsg, 


obtained by treating the corresponding arsonic acid with aqueous phos- 
phorous acid in a sealed tube at 100°, is a yellow powder, m. p. 200° 
with decomposition. With methyl iodide at 100°, it yields 4-methoxy- 
phenyltrimethylarsonium iodide, and 4-methoxyphenyldiiodoarsine.** 


4,4’ - Diethoxyarsenobenzene (p-Arsenophenetole), from 4 - ethoxy- 
phenylarsineoxide and phosphorous acid, is a yellow powder which 
readily becomes resinous.**? 


p-Arsenophenylglycollic acid, 
HOOCCH,.O.C.H,As = AsC,H,.0.CH,COOH, 
is a yellow powder formed upon reducing the corresponding arsonic acid 
with sodium hydrosulfite. It reduces ammoniacal silver solution at ordi- 


nary temperature. The disodium salt is a yellow powder easily soluble 
in water but difficultly so in alcohol.*** 


p-Arsenophenylthioglycollic acid, 
HOOCCH? 8. GC, HA = AsG, HG. H.GOOn, 


is prepared in two stages: the corresponding arsonic acid is first con- 
verted into the arsineoxide by means of phenylhydrazine in methyl 
alcoholic solution, and the oxide in turn reduced with sodium amalgam. 
The free acid, as well as its disodium salt, behaves like the previous 
compound.°®”2 


3,3’-Dihydroxy-4,4’-dimethoxyarsenobenzene, 
(CH,0) (HO)C,H,;As = AsC,H;(OH) (OCH;), 
separates as a colorless precipitate upon warming the corresponding 


arsonic acid with a dilute solution of hypophosphorous acid.®*4 


4,4’-Dihydroxy-2,2’-dimethoxyarsenobenzene, similarly prepared, is a 
yellow powder readily soluble in aqueous sodium hydroxide, but insolu- 
ble in sodium carbonate.*?® 


4,4’-Dihydroxy-3,3’-dimethoxyarsenobenzene, is a colorless precipi- 
tate.°2¢ 


3,4,3’ ,4’-Tetramethoxyarsenobenzene, 
(CH;0).C.H,As = AsC,H; (OCH,)., 


is a white amorphous precipitate.*?7 
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3,5,3’,5’-Tetrachloro-4,4’-dihydroxyarsenobenzene, 
(HO) Cl.C,H,As = AsC,H.Cl, (OH), 
separates upon warming the corresponding arsonic acid with sodium 


hydrosulfite at 50° as a yellow powder soluble in alcohol, ether, alkali 
hydroxides or carbonates but insoluble in water.*?8 


3,5,3’,5’ - Tetrabromo-4,4' - dihydroxyarsenobenzene, similarly  pre- 
pared,®** is a yellow powder which is oxidized upon the addition of an 
excess of methyl alcoholic silver nitrate to its pyridine-methyl alcohol 
solution, yielding two compounds, one of which has been identified as a 
pyridine-silver arsonic acid derivative of the following composition, 
(33) Bie 


~~ 
(5) Br — C,H.AsO3,H,.C;H;N, m. p. 157-8°.°?° When aqueous silver 


(4) AgO 
nitrate (2 mols.) is added to a solution of the disodium salt of the arseno 
compound, a brown precipitate of the disilver salt, 
AgO.C,H,Br.As = AsC,H,Br,.OAg, 
is obtained.®”° 


3,5,3’ ,5’-Tetraiodo-4,4’-dihydroxyarsenobenzene resembles the above 
two tetrahalogenated arsenophenols.*®* 


8,3’-Dinitro-4,4’-dihydroxyarsenobenzene, 
(O.N) (HO)C,H,As = AsC,H,(NO,) OH. 

Prepared from 3-nitro-4-hydroxyphenyl arsonic acid or arsineoxide by 
reduction with either stannous chloride-hydrochloric acid containing a 
slight amount of hydriodic acid at low temperature, or with hypophos- 
phorous acid in the absence of air at water-bath temperature.**? It is 
a bright yellow powder which becomes electrified by friction, is soluble 
in alkali hydroxides or carbonates but only sparingly in excess of these 
reagents, very sparingly soluble in the usual organic solvents, and insolu- 
ble in water. The dry compound should be handled carefully, as it has 
a tendency to inflame spontaneously. 


§,6’-Dinitro-3,3’ -dihydroxy-4,4’-dimethoxyarsenobenzene, 
HO OH 
~ va 
CH,0 — C,H.As = AsC,H, — OCH. 
O.N NO, 


A bright yellow precipitate obtained by reducing the corresponding 
arsonic acid with hypophosphorous acid.*** 
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5,5’ -Dinitro-4,4’-dihydrory-3,3’-dimethoxyarsenobenzene is similarly 
prepared.®*! 


3,5,3’ 6’-Tetranitro-4,4’-dihydroxyarsenobenzene, 
(O.N).(HO)C,H,As = AsC,H,(OH) (NO,)., 


is a yellow powder resulting upon warming the corresponding arsonic 
acid with hypophosphorous acid in glacial acetic acid medium.*°° 


4,4’-Dihydroxy-3,3’ -bis (2”-hydroxynaphthaleneazo) arsenobenzene, 


(HO.C,,.H..N = N) (HO)C,H,As — AsC,H,; (OH) (N = N.C,,H,.OH), 
is a dark red powder prepared by boiling the corresponding arsonic acid 
with hypophosphorous acid.°*? 


4,4’-Dihydroxy-3,3'-bis (2” 4” ,6’”-trihydroxy-1-azo) arsenobenzene, 
[ (HO),C.H.N = N](HO)C,H;,As = AsC,H; (OH) [N = N.C,H2(OH)s], 
is a red powder soluble in alkalis, and is oxidized by hydrogen peroxide 
to the parent compound. It is prepared like the preceding compound.**? 


3,5,3’ ,6’-Tetraamino-4,4’-dihydroxyarsenobenzene, 
(HN); (HO). C,H.As = AsC,H. (OH) (NBs) s, 


is a pale yellow powder obtained from 3,5-dinitro-4-hydroxypheny]- 
arsonic acid either by reducing with sodium hydrosulfite,°*? or by warm- 
ing with hypophosphorous acid in the presence of glacial acetic acid, 
adding potassium iodide, and precipitating with sodium carbonate.%® 
It darkens and decomposes at 155-7°, is easily soluble in alkalis or dilute 
hydrochloric acid, and insoluble in water or the usual organic solvents. 

The tetrahydrochloride has been prepared by dissolving the base in 
dilute hydrochloric acid and precipitating with the concentrated acid; °° 
or by introducing the base into methyl alcoholic hydrochloric acid, 
filtering and precipitating with ether.®*’ According to Raiziss it appears 
to exist in two modifications—one easily soluble in methyl alcohol, and 
the other only sparingly so. Both products are yellow, amorphous sub- 
stances easily soluble in cold water or caustic alkalis, and oxidizing 
more rapidly than arsphenamine on exposure to air, especially in alkaline 
solution. The base is gradually precipitated from the latter solution 
by atmospheric carbon dioxide. 


§,5’-Diamino-2,4,2’ ,4’-tetrahydroxyarsenobenzene, 
(H,N) (HO).C,.H2As = AsC,H, (OH).(NH,), 


separates as a dihydrochloride upon gently warming 5-nitro-2,4-dihy- 
droxyphenylarsonic acid with stannous chloride in alcoholic hydrochloric 
acid, adding glacial acetic acid; and gradually introducing the filtrate 
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with stirring into an ice-cold mixture of concentrated hydrochloric, 
glacial acetic, and a slight amount of hydriodic acids. The resulting 
yellow water-soluble precipitate, when treated with the proper amount 
of caustic soda, yields the free base which is soluble in excess of the 
reagent. The alkaline solution turns blue on exposure to air due to 
oxidation.**4 


3,5,3”,5’-Tetraamino-2,4,2’,4’-tetrahydroxyarsenobenzene, 
(H.N).(HO).C;HAs = AsC,H(OH).(NH,)>. 


3,5-Dinitro-2,4-dihydroxyphenylarsonic acid is first reduced to the cor- 
responding diamino compound by warming with stannous chloride and 
hydrochloric acid, a small quantity of potassium iodide added to the 
resulting solution, and the whole gradually introduced with stirring into 
ice-cold concentrated hydrochloric acid, the tetrahydrochloride of the 
above arseno compound separating as a fine yellow precipitate soluble 
in water or dilute hydrochloric acid. Upon boiling its aqueous solution, 
the arsenic is split off, yielding 2,4-diaminoresorcinol. From an aqueous 
solution of the tetrahydrochloride, caustic soda precipitates the free 
base which is soluble in excess of the reagent, as well as in sodium 
carbonate or bicarbonate. Its alkaline solution oxidizes in the air and 
turns blue due to the formation of an iodophenol dye. In mineral acid 
the arseno compound forms a light yellow diazo derivative, but in acetic 
acid it yields a deep-brown precipitate which is probably a dye of the 
Bismarck-brown type formed by the splitting off of arsenic from the 
molecule. A similar removal of arsenic occurs upon attempting to 
couple the arseno compound with diazo-p-nitroaniline in alkaline solu- 
tion, a brownish-red dye resulting.®** 


3,3’ -Diacetyldiamino-4,4’-dihydroxyarsenobenzene, 
(CHO WN) (HO) C,H, As= AscC.H.(OH) (NO .COCH,), 


is a pale yellow powder obtained by reducing 3-acetylamino-4-hydroxy- 
phenylarsonic acid with sodium hydrosulfite. It melts at about 200°, is 
soluble in acetone, aqueous sodium hydroxide or carbonate, difficultly 
so in alcohol and insoluble in water, methyl alcohol, ether, dilute acids 
or sodium bicarbonate.°*° 


3,5,3’ ,6’-T etraacetyltetraamino-4,4’-dihydroxyarsenobenzene, 
(CH,CO.HN).(HO)C,.H.As = AsC,H, (OH) (NH.OCCHs)., 
obtained by reducing the corresponding arsonic acid with sodium hydro- 
sulfite at 55-60°, is a white powder soluble in glacial acetic acid, aqueous 
caustic alkalis or sodium bicarbonate, and insoluble in water, dilute 

hydrochloric acid or the usual organic solvents.°** 
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5,6’-Diacetyldiamino-2,4,2’ ,4’-tetrahydroxyarsenobenzene, 
(CH,CO..HN) (HO);C,H.As = AsC,H- (0H); (NH OCCH,): 


A yellow powder insoluble in water, but readily soluble in aqueous caustic 
soda. It is derived from the corresponding arsonic acid by reduction 
with hypophosphorous acid containing a slight amount of hydriodic 
acid.°** 


3,5,3’ 6’ - Tetraacetyltetraamino -2,4,2’ ,4’- tetrahydroxyarsenobenzene, 
(CH,CO.HN).(HO).C,HAs = AsC,H(OH).(NH.COCHS)., is a brown 
powder, readily soluble in sodium carbonate or bicarbonate. It is pre- 
pared by acetylating 3,5,3’,5’-tetraamino-2,4,2’4’-tetrahydroxyarseno- 
benzene with acetic anhydride.*** 


3,3’-Dicarbethorydiamino-4,4’-dihydroxyarsenobenzene, 
(C,H,OOC.HN) (HO) C,H.As = AsC,H,(OH) (NH.COOUC.H,). 


A pale yellow powder soluble in alcohol, acetone, alkali hydroxides or 
carbonates, insoluble in ether, benzene or dilute acids; prepared by 
reducing the corresponding arsonic acid with hydrosulfite. When warmed 
with hydrochloric acid it decomposes, yielding 3,3’-diamino-4,4’-dihy- 
droxy arsenobenzene.*** 


4,4’-Dicarbethoxydiamino-2,2’-dihydroxyarsenobenzene results upon 
treating a methyl alcoholic solution of the corresponding arsonic acid 
with hypophosphorous acid containing a slight amount of potassium 
lodide. It separates as a pale yellow precipitate soluble in caustic 
soda,°e? 


3,3’-Dicarbamido-4,4'-dihydroxyarsenobenzene, 
(H,.NCONH) (HO)C,H;As = AsC,H,; (OH) (NHCONH.). 


A pale yellow powder decomposing above 200° without melting, readily 
soluble in acetone, alcohol or sodium carbonate, and insoluble in water, 
ether or dilute mineral acids. It is prepared from the arsonic acid by 
reduction with sodium hydrosulfite.°*s 


8,3’-N-Di(methylamino) -4,4’-dihydroxyarsenobenzene, 
(H.C. TIN) (HO) CH As == AsG H (OH) INE -Obe). 


is derived from the corresponding arsonic acid like the preceding com- 
pound. Its dihydrochloride is a grayish-white or yellow microcrystalline 
powder which with a dilute hydrochloric acid solution of 4-dimethyl- 
aminobenzaldehyde yields a brownish-orange liquid, but, unlike arsphen- 
amine, no subsequent precipitate. The sparingly soluble sulfate is 
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formed by adding dilute sulfuric acid to an aqueous solution of the 
dihydrochloride.**° 


3,3’-Di(N-methylacetylamino) -4,4’-dihydroxyarsenobenzene, 


CH; CH; 
ve 
N }(HO)C.H,As = AsC,H,(OH)| N ; 
ss 
CH,;0C COCH, 


is prepared by adding acetic anhydride to an alkaline solution of the 
preceding compound. The precipitate is readily soluble in aqueous 
alkalis, but insoluble in dilute hydrochloric acid.%# 


3,3’-Tetramethyldiamino-4,4’-dihydroxyarsenobenzene, 
| (H,C).N] (HO)C.H,As = AsC,H, (OH) [N(CH;).], 


is made like the corresponding dimethyl compound. Its dihydrochloride 
is a yellowish-white powder easily soluble in water or methyl alcohol 
and slowly yields a precipitate with sulfuric acid in aqueous solution.** 


3,3’-Hexamethyldiammonium-4,4’-dihydroxyarsenobenzene, 


[Os 1 [ 
Sn | (HO)C.H;As = AsC,H, (OH) n¢’ 
HO L OH 


is a light yellow powder easily soluble in aqueous caustic soda or dilute 
hydrochloric acid, but insoluble in water. It is prepared by reducing 
3-trimethylammonium-4-hydroxyphenylarsonic acid with sodium hydro- 
sulfite at ordinary temperature.°*” 


3,3’-Diamino-4,4’-dimethoxyarsenobenzene, 
(Ho) (CHOC, As = AsV, (OCH) (NH); 


may be prepared either from 3-acetylamino-4-methoxyphenylarsonic 
acid by hydrolyzing with hydrochloric acid, rendering alkaline, and 
reducing with sodium hydrosulfite, or from 3-nitro-4-methoxyphenyl- 
arsonic acid by reducing with the same reagent. The dihydrochloride, 
a yellow, water-soluble powder containing 2H.O, results upon dissolving 
the base in absolute methyl alcoholic hydrochloric acid and precipitating 
with ether. With an excess of caustic soda, the salt yields a yellow 
insoluble precipitate, which dissolves to a colorless solution upon oxida- 
tion with iodine. Sodium sulfate, added to an aqueous solution of the 
dihydrochloride, precipitates the sulfate; sodium acetate, the free base; 
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while 4-dimethylaminobenzaldehyde yields an orange-colored precipitate. 
Upon diazotizing with sodium nitrite in dilute hydrochloric acid solution, 
there is produced a yellow solution, which couples with a-naphthylamine 
hydrochloride in alcoholic solution to a deep purple coloration. Ferric 
chloride oxidizes the aqueous solution of the dihydrochloride more slowly 
than in the case of arsphenamine.*** 


3,3’-Diamino-4,4’-dimethory-5,5’-dimethylarsenobenzene, 
(HN) (CH,O) (H.C) C,.H.As = AsC,H.(CH.) (OGH,) (NHe): 


Prepared by reducing the corresponding nitro arsonic acid with sodium 
hydrosulfite.*¢4 The dihydrochloride is a faintly yellow powder readily 
soluble in water or methyl alcohol, less so in ethyl alcohol, and insoluble 
in ether or acetone. It contains two molecules of water and decomposes 
at 186°. Concentrated hydrochloric acid reprecipitates the dihydro- 
‘chloride from aqueous solution, but dilute sulfuric acid produces no 
precipitate. 


3,3’-Diamino-4,4’-dihydroxy-6,6’-dimethoxyarsenobenzene, 
(H,N) (CH30) (HO) C,H. As = AsU,H. (OH) (OCH) (NH). 


The corresponding arsonic acid is reduced with hypophosphorous acid 
containing a slight amount of potassium iodide, and the arseno compound 
precipitated either as the hypophosphite by gradually introducing the 
resulting yellow solution into acetone with continuous stirring in an 
atmosphere of carbon dioxide, or as the dihydrochloride by employing 
concentrated hydrochloric acid. Upon warming an aqueous solution of 
the latter salt, the arsenic is split off yieldmg 4-amino-3-hydroxy-1- 
methyl ether.®*® 


3,3’-Diamino-4,6,4’,6’-tetramethoxyarsenobenzene, 


(HN) (CH,0)C,.H.As = AsC,H. (OCHS) (NH). 


Prepared from the corresponding nitro arsonie acid by reduction with 
hydrosulfite. Its dihydrochloride separates upon dissolving in methyl 
aleohohe hydrochloric acid and precipitating with ether.®* 


3,3’-Tetramethyldiamino-4,4’-dimethoxyarsenobenzene, 
[ (H;C)2N] (CH;0) C,H,As = AsC,H; (OCHS) [N(CHs).], 


results upon adding acetic anhydride to an alkaline solution of the 
corresponding tetramethyldiaminodihydroxyarseno compound. It is 
readily soluble in dilute hydrochloric acid, but dissolves very slowly in 
aqueous caustic soda.°*! 
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5,5’-Dichloro-3,3’ -diamino-4,4’-dihydroxyarsenobenzene dihydrochlo- 


HCl.H,N NH,.HCl 
~< va 
ride, HO — C,H.As = AsC,H, — OH .2CH,0H, is a 
Ss 
Cl Cl 


greenish-yellow powder prepared by reducing the corresponding nitro 
arsonic acid with sodium hydrosulfite at 55°, dissolving the resulting 
arseno compound in methyl alcoholic hydrochloric acid, and precipitating 
with absolute ether. With an excess of aqueous silver nitrate in diluted 
methyl alcohol, it forms a yellow disilver chloride addition product, 
(AgCl.H.N) (HO)CIC,H,As = AsC,H.Cl(OH) (NH;.AgCl) ; with cupric 
chloride it yields a yellowish-brown addition product, 


[ (HN) (0D) CIC, HAs —],.CuCl,, 


containing four molecules of water.®47 


5,6’- Dichloro-4,4’- diamino -3,3’- dihydroxyarsenobenzene. — 3,5-Di- 
chloro-p-arsanilic acid is diazotized with potassium pyrosulfite and con- 
centrated nitric acid, treated with sodium acetate, and stirred until 
coupling with R-salt no longer takes place, indicating a complete replace- 
ment of one of the chlorine atoms by a hydroxyl group. The’ product 
is now coupled with alkaline f-naphthol, the resulting azo dye collected, 
redissolved in hot water, and the dye acid precipitated by acidifying 
with mineral acid. The precipitate is dissolved in water containing 
sodium hydroxide and acetate, and warmed with sodium hydrosulfite 
at 40-45° until decolorization occurs. After cooling, the precipitated 
1-amino-f-naphthol is filtered off, and the filtrate reduced to the arseno 
compound by warming with more hydrosulfite at 60°. The product is 
a yellow powder readily soluble in aqueous caustic soda or dilute hydro- 
chloric acid. The dihydrochloride is precipitated by concentrated 
hydrochloric acid.*** 


5,5’ -Diiodo-3,3’-diamino-4,4’-dihydroxyarsenobenzene, 
TN NH, 
~ < 
Va ~ 
li a 


The therapeutic propertves of this compound have been studied by 
Ehrlich.®*° 
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6,6’ -Disulfo-3,3’-diamino-4,4’-dthydroxyarsenobenzene, 
H,N NH, 


aS “ae 
HO te C,H.,As — AsC,H, = OH ) 


HO;S S0,H 


may be obtained from the corresponding arsonic acid by suspending in 
acetic acid containing a crystal of potassium iodide, and warming with 
hypophosphorous acid at 55°,°°° or from the corresponding arsenious 
acid by reducing either with sodium hydrosulfite at 50°, or with hypo- 
phosphorous acid in acetic acid medium at 100°.°°t According to King, 
this compound is one of the sulfur derivatives formed in the preparation 
of arsphenamine from 3-nitro-4-hydroxyphenylarsonic acid and sodium 
hydrosulfite. He succeeded in obtaining it in small amounts by reducing 
an alkaline solution of the above nitro compound with sodium hydro- 
sulfite at —2° and allowing to stand in the cold over night. After 
filtering off the erystals of 3-amino-4-hydroxyphenylarsonic acid, the 
filtrate is rendered slightly acid with concentrated hydrochloric acid and 
maintained at 0° or below for one week, when a mixture of sodium sul- 
fate, 5-sulfo-3-amino-4-hydroxyphenylarsenious acid and 5,5’-disulfo- 
3,3’-diamino-4,4’-dihydroxyarsenobenzene separates out. The first is 
removed with water at 40°, the remaining mixture of the two arsenicals 
suspended in water, dissolved with the aid of ammonia, and the caletum 
salt of the arseno compound precipitated by the addition of calcium 
chloride solution. The free arseno compound is then obtained from the 
salt by treating with hydrochloric acid.°** 

The dried product is a fawn-colored powder insoluble in water or 
acids, and may be diazotized to a deep yellow solution. Although it 
dissolves in dilute ammonia, sodium hydroxide or carbonate solution, it 
is reprecipitated by an excess of the concentrated reagent. The product 
also dissolves in aqueous sodium bicarbonate or acetate. The am- 
moniacal solution yields a copious gelatinous precipitate with calcium or 
barium chloride, magnesia mixture, lanthanium or thorium nitrate, and 
only a very slight precipitate with lithium chloride. 


2,2’-Dicarboxyarsenobenzene (o-Arsenobenzoic acid), 
HOOC.C,H,As = AsC,H,.COOH, 


prepared from 2-carboxyphenyldiiodoarsine by boiling with phosphorous 
acid in alkaline solution, is a yellow powder easily soluble in alkali 
hydroxides or carbonates, and practically insoluble in alcohol, benzene, 
ether, chloroform or hot water. Heated over a direct flame, it: first melts, 
and then partially decomposes with the separation of free arsenic.®°? 


4,4’-Dicarboxyarsenobenzene (p-Arsenobenzoic acid), is a yellow 
powder decomposing on heating without melting, soluble in alkalis, and 
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insoluble in water or the usual organic solvents. It is obtained by 
heating an aqueous solution of p-benzarsenious acid with phosphorous 
acid. The sodium salt is a yellowish-brown amorphous powder easily 
soluble in water but difficulty in dilute caustic soda.%®* 


p-Arsenomyricylbenzoate, 
tenon OC. sluAs =AsC.H, CO.O0.Ca,Ha, 
from the arsineoxide and phosphorous acid in boiling acetone solution, is 
a pale yellow powder soluble in alcohol, ether or benzene.1% 
p-Arsenocholesterylbenzoate, 
HZ.Co7-0-0C, C HjAs = AsZ.H,.CO.0.C;, Hu, 
a yellow powder soluble in benzene or chloroform, is prepared like the 
previous compound.?°* 
p-Arsenoquininebenzoate, 
ODN, H..C2,-0-00.C.H.Ac — AsC, Hz. CO.0-C,,H.,N,03, 


is a bright yellow powder soluble in acids, difficultly so in organic sol- 
vents, and insoluble in water, alkali hydroxides or carbonates. It results 
upon warming a sodium carbonate solution of the quinine ester of 4-car- 
boxyphenylarsonic acid with sodium hydrosulfite at 50-60°.°° 


p-Arsenostovaine, 
C.H;s Cia; 


aA va 
CH, — COOCC,H,As = AsC,H,COOC — CH; 
Ee 
(CH:)2NCH, CH.N(CHs)>, 


obtained from the corresponding arsineoxide and sodium hydrosulfite, 
is a golden-yellow powder soluble in acids and insoluble in water or 
alkalis. When freshly prepared, it dissolves in organic solvents.°*® 


p-Arsenohippuric acid, 
HOOCH,CHNOC.C,H,As = AsC,H,.CONHCH,COOH, 


from the corresponding arsonic acid and sodium hydrosulfite, is a yellow 
powder forming unstable solutions with alkali carbonates or phosphates, 
but stable solutions with caustic alkalis in the absence of air.°*7 

The following six arseno compounds, prepared by reduction of their 
respective arsineoxides, are yellow amorphous powders practically insol- 
uble in water, and difficultly soluble in alcohol: p-arsenobenzoylalanine 
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GHz pr ehat 
'S CH. HNOC.C,H.As = AsC,H,.CONH.CH ¢ 
HOOC COOH 
p-arsenobenzoylphenylalanine, 
Cio, GH; CH,.C.eH;s 


CH.HNOC.C,H.As = AsC,H,.CONH.CH 
Va a 
HOOC COOH 


p-arsenobenzoyltyrosine, 


CH.C.H, (OH) 


AsCeHsCONHCH< Gooyy 


AsC,H,CONHCH <GazveHe (OH) 


p-arsenobenzoylleucine, 


CH.CH(CHs). 


CH.CH (CHs). 


AsC,H.CONHCH <GOOH 


p-arsenobenzoylaspartic acid, 


HOOCCH, CH,COOH 
CH.HNOC.C,H,As = AsC,H,.CONH.CH 
a x 
HOOC COOH 


and p-arsenobenzoylglutamic acid, 


AcC,H,CONHOH <a 


AgU.ELCONHOH = pei abe gue 


4,4’-Dracetyldiamino-3,3’-dicarboxyarsenobenzene, [Arsenoacetylan- 
thranilic acid], 
(CH,CO.HN) (HOOC) C,H,As = AsC,H; (COOH) (NHCOCH,). 


A pale yellow powder soluble in alkalis, also in aleohol when freshly 
precipitated, and insoluble in water. It is made from the corresponding 
arsonic acid by reduction with sodium hydrosulfite at 30-40°.52° 
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4,4’-Dihydroxy-2,2’ -dicarboxyarsenobenzene, 
(HOOC) (HO)C,H;As = AsC,H, (OH) (COOH). 


4-Amino-2-carboxyphenylarsonic acid is diazotized at 5°, the diazonium 
salt warmed until all nitrogen has been evolved, and the resulting solu- 
tion of 4-hydroxy-2-carboxyphenylarsonic acid reduced with hypophos- 
phorous acid containing a small amount of potassium iodide.*** 


5,5’-Dinitro-4,4’-dihydroxy-2,2’ -dicarboxyarsenobenzene, 
(O2N) (HO) (HOOC)C,H.As = AsC,H. (COOH) (OH) (NO,). 


Prepared by boiling the corresponding arsonic acid with hypophosphorous 
and glacial acetic acids.°° 


5,5’-Diamaino-4,4’-dihydroxy-2,2’-dicarboxyarsenobenzene, 
(H,N) (HO) (HOOC)C,H.As = AsC,H, (COOH) (OH) (NH.), 


is obtained from the preceding-compound by suspending in dilute acetic 
acid and adding a slight amount of potassium iodide. It is easily soluble 
in sodium hydroxide, carbonate, bicarbonate or acetate solution, spar- 
ingly in dilute or concentrated hydrochloric acid, and forms a red con- 
densation product with 4-dimethylaminobenzaldehyde. Like other 
primary amines it can be readily diazotized. Heating a dilute sodium 
acetate solution of the arseno compound in a sealed tube for ten hours 
on a water-bath, converts it into 4-amino-3-hydroxybenzoic acid.®*® 


5,5’-Diamino-4,4'-dihydroxry-3,3’-dicarboxyarsenobenzene is obtained 
by reducing the corresponding nitro arsonic acid.*°° 


3-Amino-4-hydroxybenzenearsenomethane, 
(HON) (HO) CHAS = AsCH,, 


is prepared by reducing a mixture of 3-amino-4-hydroxyphenylarsine- 
oxide and methylarsineoxide in dilute methyl alcohole solution with 
sodium hydrosulfite, or by digesting a mixture of disodium methyl- 
arsonate and 3-amino-4-hydroxyphenylarsonic acid with alkaline hydro- 
sulfite and magnesium chloride at 50°. The product is a yellow powder 
soluble in dilute hydrochloric acid or caustic soda. 

Its yellow hydrochloride is obtained by reducing a methyl alcoholic 
hydrochloric acid solution of 3-amino-4-hydroxyphenylarsonie acid and 
methylarsineoxide at — 20° to — 10° with an acetone solution of stan- 
nous chloride and concentrated hydrochloric acid in the presence of a 
slight amount of hydriodic acid.°°** 


3-Amino-4-hydroxyarsenobenzene, (H.N) (HO)C,H;As = AsC,H;.— 
Obtained by reducing a mixture of 3-amino-4-hydroxyphenyl- and phenyl 
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arsineoxides,®**= or by condensing 3-amino-4-hydroxyphenylarsine in 
methyl alcoholic hydrochloric acid solution with phenylarsineoxide dis- 
solved in benzene, and treating the resulting hydrochloride with the 
requisite amount of caustic soda.°?? The base is a pale yellow powder 
soluble in alcohol, acetone, dilute hydrochloric acid or caustic soda, and 
insoluble in water, benzene, chloroform or aqueous sodium carbonate. 
The hydrochloride is a yellow powder soluble in water, methyl or ethyl 
alcohol. 


4-Amino-4’-hydroxyarsenobenzene, H.N.CsH,As = AsC,H,.OH8, is a 
yellow powder decomposing at 200°, soluble in hydrochloric acid or 
caustic soda, and insoluble in water or the usual organic solvents. It 
results upon mixing a methyl alcoholic solution of 4-hydroxyphenyl- 
arsineoxide with a dilute hydrochloric acid solution of 4-aminophenyl- 
arsine, allowing to stand for several hours, and finally precipitating with 
sodium acetate solution.®?* 


3,4’-Diamino-4-hydroxyarsenobenzene dihydrochloride, 
(HC1.H,N)C,H.,As = AsC,H;(OH) (NH,.HC)). 


A mixture of equimolar quantities of 3-amino-4-hydroxyphenylarsonic 
acid and either 4-aminopheny! arsonic acid or arsineoxide in methy] al- 
coholic hydrochloric acid is reduced with alcoholic stannous chloride- 
hydrochloric acid containing a slight amount of hydriodie acid. It 
separates as a yellow, microcrystalline precipitate soluble in water to a 
clear solution, which yields no precipitate with an excess of alkali indicat- 
ing the absence of any 3,3’-diaminoarsenobenzene. Dilute sulfuric acid 
precipitates a pale yellow, insoluble sulfate.°*s 


3-Amino-4-hydroxyarsenobenzene-4’-glycine, 
(H,N) (HO)C,.H;As = AsCgH,(NH.CH.COOH). 


Prepared by mixing a methyl alcoholic solution of 4-dichloroarsino- 
phenylglycine hydrochloride and 3-amino-4-hydroxyphenylarsineoxide 
with dilute caustic soda and reducing with sodium hydrosulfite,®*’ or by 
condensing 3-amino-4-hydroxyphenylarsine with either 4-dichloroarsino- 
phenylglycine or the corresponding arsineoxide.°** The product is a 
brownish powder darkening at 120° and decomposing at 150° without 
melting. It is insoluble in water, alcohol or the usual organic solvents, 
but is easily soluble in aqueous sodium hydroxide, carbonate or bi- 
carbonate, dilute hydrochloric, glacial acetic or concentrated sulfuric 
acid. When heated with tin and hydrochloric acid, it decomposes, yield- 
ing phenyl(-4-glycine)- and 3-amino-4-hydroxypheny! arsines. 
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3’ ,6’-Dichloro-3-amino-4,4’-dihydroxyarsenobenzene, 
(HN) (HO) C.H,As = AsC,H.Cl, (OH), 


results upon reducing an alkaline methyl alcoholic solution of 3,5- 
dichloro-4-hydroxyphenylarsineoxide and  3-amino-4-hydroxyphenyl- 
arsineoxide with sodium hydrosulfite. The product is a bright yellow 
powder insoluble in water, soluble in ether, acetone, methyl or ethyl 
alcohol, dilute hydrochloric acid, aqueous sodium hydroxide or carbonate, 
and less so in sodium bicarbonate.®*$ 


3-Amino-4-hydroxy-3’ 4’ ,5’-triaminoarsenobenzene trihydrochloride, 
(HN) (HO)C.H,As = AsC,H.(NH;),, 3HCl—A mixture of 3,455,3’,4’, 
5’-hexaaminoarsenobenzene hydrochloride and arsphenamine in aqueous 
solution is rapidly warmed to 80° and poured into concentrated hydro- 
chloric acid, the above hydrochloride separating in yellow flakes which, 
unlike hexaaminoarsenobenzene, are easily soluble in aqueous sodium 
hydroxide and in contrast with arsphenamine are also soluble in sodium 
bicarbonate.°** 


4-Methylamino-3,5,3’ ,4’,5’-pentaaminoarsenbenzene  tetrahydrochlo- 
ride, (H.N);C,H,As = AsC,H,(NH.).(NH.CH;), 4HCl— Prepared like 
the preceding compound from 3,4,5,3’,4’,5’-hexaaminoarsenobenzene and 
4,4’-bismethylamino-3,5,3’,5’-tetraaminoarsenobenzene hydrochlorides by 
precipitating with glacial acetic acid. The product is easily soluble in 
water, and forms a stable carbonate derivative with sodium _bicar- 
bonate.®** 


5-Sulfo-3,3’-diamino-4,4’-dihydroxyarsenobenzene hydrochloride, 
(HCl. H,N) (HO)C,H,As = AsC,H,(OH) (NH;) (SO;H), 


is obtained by reducing a mixture of equimolar amounts of 5-sulfo-3- 
amino-4-hydroxyphenylarsonic acid and 3-amino-4-hydroxyphenylarsonic 
acid either with a mixture of hypophosphorous and acetic acids contain- 
ing a small quantity of potassium lodide at 60°, or with sodium hydro- 
sulfite at 50-55°, and treating the resulting base with aqueous hydrochlo- 
ric acid. It is sparingly or slowly soluble in water, insoluble in aqueous 
sodium bicarbonate, and readily soluble in dilute caustic soda, but is 
reprecipitated by an excess of the latter. It is also soluble in dilute 
or concentrated ammonia, and slowly in aqueous sodium carbonate, from 
which it is not reprecipitated by an excess of the reagent. The am- 
moniacal solution yields gelatinous precipitates with calcium, barium 
or magnesium chlorides, and with an excess of lithium chloride.°** 


Polyarsenides. 


Upon adding sodium hydrosulfite and magnesium chloride to a neu- 
tral solution of phenylarsonic acid and sodium arsenite, and allowing 
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to stand for 24 hours at ordinary temperature, a light yellow precipitate 
of the polyarsenide is formed. It contains about 54% of arsenic, is 
easily soluble in chloroform, sparingly so in the other organic solvents, 
and insoluble in water, mineral acids or alkalis.%°° 

Upon passing arsine through an alcoholic solution of phenyldichloro- 
arsine, there is obtained a yellow precipitate insoluble in water, alcohol 
or ether,®® 

4-Aminophenylarsineoxide yields a polyarsenide when mixed with 
one molecular proportion of arsenic trichloride in methyl alcohol, and 
reduced with a cold solution of stannous chloride and concentrated hydro- 
chloric acid in the same solvent. The product separates as a brownish- 
yellow precipitate soluble in moist pyridine or hot dilute hydrochloric 
acid. The latter solution yields a precipitate with dilute sulfuric acid 
or an excess of caustic soda.°*° 

A yellow precipitate soluble in pyridine or dilute hydrochloric acid 
is obtained by treating an alcoholic solution of 4-aminophenyldichloro- 
arsine with arsine.°®* 

When a mixture of equimolar amounts of 3-amino-4-hydroxyphenyl- 
arsonic acid and sodium arsenite is reduced with sodium hydrosulfite at 
50-55°, an orange-yellow precipitate contaming 48.9% of arsenic is 
obtained. It is difficultly soluble in ether, benzene, alcohol or con- 
centrated hydrochloric acid, readily soluble in aqueous caustic soda or 
dilute hydrochloric acid, and forms a sparingly soluble sulfate. When 
oxidized with hydrogen peroxide in alkaline solution, it yields arsenic- 
and 3-amino-4-hydroxyphenylarsonic acids.®*° Its methy] alcoholic hydro- 
chloric acid solution reacts with metallic salts, yielding codrdination 
compounds which can be precipitated by ether. The product with 
cuprous chloride is a pale brown powder soluble in water or methyl 
alcohol, and forms a sparingly soluble sulfate. Its copper is not pre- 
cipitated by caustic alkalis. The mercuric chloride addition product, 
an orange powder insoluble in water or methyl alcohol, is blackened 
by caustic soda due to decomposition. Its codrdination compound with 
silver nitrate is a brown powder readily soluble in water or methyl 
alcohol, and does not give the ionic reactions of silver.**t The cupric 
chloride compound is obtained as a hydrochloride by reducing a mixture 
of 3-amino-4-hydroxyphenylarsineoxide, arsenic trichloride and hydrated 
cupric chloride with a cold solution of stannous chloride in concentrated 
hydrochloric and glacial acetic acids. It forms a brown powder soluble 
in water, methyl! alcohol or aqueous caustic soda.®s® 

With two moles of sodium arsenite, the above arsonic acid yields 
a brownish-red polyarsenide containing 57% of arsenic. It is easily 
soluble in dilute sodium hydroxide, the solution remaining clear when 
acidified with hydrochloric acid, even though the original product dis- 
solves with difficulty in hydrochloric acid alone. Sulfurie acid precipi- 
tates the sulfate from the above hydrochloric acid solution.®®® 


TRIVALENT AROMATIC ARSENICALS Vid 


Polyarsenides containing varying amounts of arsenic may be ob- 
tained from 3-amino-4-hydroxyphenylarsonic acid by first converting 
into the arsineoxide, mixing with varying amounts of sodium arsenite, 
and reducing with hypophosphorous acid.®*% 

On passing arsine through either an alcoholic solution of 3-amino-4- 
hydroxyphenyldichloroarsine hydrochloride,*** or a glacial acetic acid 
solution of the corresponding arsineoxide,**® and subsequently precipitat- 
ing with ether, there is obtained a yellowish-brown powder easily soluble 
in dilute hydrochloric acid or alkalis. 


Arsenophosphides. 


An alcoholic solution of phenylarsineoxide, when treated with phos- 
phine, yields a yellow precipitate which is very difficultly soluble in 
water, alcohol, acids or alkalis.®¢ 

Similarly, 4-aminophenyldichloroarsine hydrochloride or the corre- 
sponding arsineoxide yields a bright yellow powder easily soluble in 
water, from which it is reprecipitated by alkalis.5°® It forms a black 
addition product with silver nitrate.*%* 

From 3-nitro-4-aminophenyl dichloroarsine *** or argineoxide,°® a 
yellow powder soluble in dilute hydrochloric acid separates. 

On passing phosphine through an alcoholic solution of 3-amino-4- 
hydroxyphenyldichloroarsine and precipitating with ether, a yellow 
powder is obtained which is easily soluble in water, dilute hydrochloric 
acid or alkalis.**® Its addition product with cupric chloride, a red-brown 
powder soluble in alkalis or dilute hydrochloric acid, loses none of its 
copper when treated with either hydrogen sulfide or sodium hydro- 
sulfite.°* 


Arsenoantimonides. 


An alcoholic solution of 4-aminophenyldichloroarsine hydrochloride, 
when treated with stibine, yields a dark brown product soluble in dilute 
hydrochloric acid.5°* 

3-Amino-4-hydroxyphenylarsineoxide, by treatment with stibine in 
glacial acetic acid solution and subsequent precipitation with ether, 
yields a brown powder soluble in dilute alkalis or hydrochloric acid.°° 

On mixing a methyl alcoholic hydrochloric acid solution of 3-amino- 
4-hydroxyphenylarsine with a one mole of antimony trichloride in methyl 
alcohol and precipitating with ether, a reddish-brown product is obtained 
which is soluble in water, caustic alkalis, dilute hydrochloric acid, methyl 
or ethyl alcohol, glycerine or glycol. With dilute sulfuric acid a difh- 
cultly soluble sulfate is produced.“ The above product appears to be 


a mixture of 
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Its codrdination compound with cupric chloride, prepared by mixing 
equimolar quantities of 3-amino-4-hydroxyphenylarsine, antimony tri- 
chloride and hydrated cupric chloride in methyl alcohol and precipitating 
with ether, is readily soluble in dilute hydrochloric acid or alkalis.°® 

A brown powder, difficultly soluble in water or methyl! alcohol, is ob- 
tained by boiling a glacial acetic acid solution of antimony! chloride and 
the methyl ester of anthranilylarsine, (CH,OOC) (H,N)C,H,AsH,, in the 
absence of air.**° 


p-(Bromostibarseno) acetanilide, (CH,;CO.HN)C,H,.As = SbBr, is 
a red-brown powder soluble in water or dilute hydrochloric acid; pre- 
pared by mixing 4-acetylaminophenylarsine and antimony tribromide 
in methyl alcoholic hydrochloric acid, and precipitating with ether.®*® 

Hydrochloride of 1-(acetorystibarseno) -3-amino-4-hydroxybenzene, 
(HCl.H,N) (HO)C,H,;As = Sb.O.COCH;. — Prepared by boiling 
3-amino-4-hydroxyphenylarsine in methyl aleoholic solution with a 
glacial acetic acid solution of tartar emetic, the product separating as a 
brownish-yellow precipitate easily soluble in water, aqueous alkalis or 
dilute hydrochloric acid. The latter solution yields a sparingly soluble 
sulfate with sulfuric acid, and a precipitate of a Schiff base with 
4-dimethylaminobenzaldehy de.**° 

Upon reducing a mixture of 3-amino-4-hydroxyphenylarsonic acid 
and tartar emetic with sodium hydrosulfite at 50-55°, a reddish-brown 
powder is obtained, which is soluble in dilute hydrochloric acid or aqueous 
caustic soda.®** 


4-Hydrotyphenylarsenostibinobenzene, HO.C,H,As = SbC,H;, pre- 
pared by condensing phenylstibineoxide, C,.H,;.SbO, with 4-hydroxyphen- 
ylarsine,**? is a brown powder soluble in aqueous alkalis. 


4,4’-Dihydroxyarsenostibinobenzene, HO.C.H,As = SbC,H,.OH, is 
derived from a mixture of the sodium salts of 4-hydroxyphenylarsonic 
and 4-hydroxyphenylstibonic acids by reducing with sodium hydrosulfite 
until precipitation is complete. The product is a brownish-black powder 
insoluble in water, but readily soluble in aqueous caustic soda, pyridine, 
acetone, methyl or ethyl alcohol.®* 


8-Amino-4-hydroxyarsenostibinobenzene, 
(H,N) (HO)C,.H,As = SbC,Hs. 
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Prepared by reducing a mixture of 3-amino-4-hydroxyphenylarsineoxide 
and phenylstibonic acid with sodium hydrosulfite at ordinary tempera- 
ture. It is a brownish-yellow powder readily soluble in aqueous caustic 
soda, moist pyridine or methyl alcoholic hydrgchloric acid.°* 

The hydrochloride is obtained directly by mixing 3-amino-4-hydroxy- 
phenylarsine and phenyldichlorostibine, C,H;SbCl,, in methyl alcoholic 
hydrochloric acid and precipitating with ether. 'The product is a yellow- 
ish-brown amorphous powder easily soluble in water, aqueous alkali, 
dilute hydrochloric acid, methyl alcohol, glycerine or glycol. Sulfuric 
acid precipitates a difficultly soluble sulfate.*** It forms a yellowish- 
brown codrdination product with gold chloride and a brownish-green 
product with osmium chloride, both compounds being readily soluble 
in water, but insoluble in ether.**? 


3-Amino-4-hydroxyarseno-4/-acetylaminostibinobenzene hydrochlo- 
ride, (HCl.H,N) (HO)C,H,As = SbC,H,(NH.COCH;), separates as 
dark brown flakes soluble in water, methyl alcohol or caustic soda on 
mixing a glacial acetic acid solution of 4-acetylaminopheny|ldiiodostibine 
with a methy! alcoholic hydrochloric acid solution of 3-amino-4-hydroxy- 
phenylarsine and precipitating with ether.°°* 


3-Amino-4-hydroxyarseno-3’ -amino-4’-chlorostibinobenzene, 
(HN) (HO)C,H;As = SbC,H;Cl(NH,), 
is a stable compound.°*®® 


4’-Acetylaminophenylstibinoarseno-4-phenylglycine, 
(HOOCCH,.HN) C,H,As = SbC,H,(NHCOCH;), 
is obtained by reducing a mixture of phenylglycine-4-arsonic acid and 
4-acetylaminophenylstibonic acid with sodium hydrosulfite in alkaline 
solution. It is a brownish-black powder insoluble in water, alcohol or 
acetone, but soluble in aqueous alkalis or moist pyridine.*°® 


Arseno-Bismuth Compounds. 


On mixing a methyl alcoholic hydrobromic acid solution of 4-acetyl- 
aminophenylarsine with bismuth tribromide in methyl alcohol solution 
and precipitating with ether, a black, sparingly soluble product is 
obtained which is gradually decomposed by acids or alkalis.°”° 


Tris (3-amino-4-hydroxyphenylarseno) dibismuth trihydrochloride, 
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A mixture of 3-amino-4-hydroxyphenylarsine and bismuth trichloride in 
methyl] alcoholic hydrochloric acid, when precipitated with ether, yields 
a black product readily soluble in methyl alcohol, glycerine or caustic 
alkalis, but very slowly ig water. It is gradually decomposed by acids 
or alkalis, more readily by boiling the aqueous solution. Hydrogen 
peroxide in alkaline solution rapidly oxidizes it to 3-amino-4-hydroxy- 
phenylarsonic acid and bismuth pentoxide.*™ 


Arsphenamine. 


66 


(“Salvarsan,” “Arsenobenzol,” “Diarsenol,” “Kharsivan,”’ “Arsenobillon,” 


“606” of Ehrlich’s series.) 


Although arseno compounds were first prepared by Michaelis in 
1881, it remained for the genius of Ehrlich to build up step by step the 
remarkable substance which we know as Salvarsan, the dihydrochloride 
of 3,3’-diamino-4,4’-dihydroxyarsenobenzene. The clinical results fol- 
lowing the administration of this drug during the past twelve years have 
definitely established the fact that it is the most remarkable synthetic 
chemical compound introduced into medicine. It is the premier medica- 
ment in the treatment of syphilis, yaws (frambeesia), relapsing fever and 
spirochetal infections in general. Mercury, which for four centuries 
had been employed in the treatment of syphilis, now occupies a position 
of secondary importance. That arsphenamine is superior to mercury is 
a virtually established fact. Its superiority is based not alone on the 
extremely rapid disappearance of syphilitic manifestations after its use, 
nor its success where mercury has failed, nor on its greater influence 
on the Wassermann reaction. Strongly supportive of the clinical evidence 
are laboratory studies on both animals and men. 

Commercial samples of arsphenamine contain impurities, the exact 
nature of which is as yet undetermined. It has been found that samples 
obtained by reducing 3-nitro-4-hydroxyphenylarsonic acid with sodium 
hydrosulfite always contain small amounts of sulfur, the quantity depend- 
ing upon the rate at which the solution of the nitrohydroxyphenylarsonic 
acid is introduced into the hydrosulfite solution, the initial temperatures 
of the two solutions, the rate of heating up to 55-60°, and the rate of 
stirring. Even in arsphenamine obtained by the hypophosphorous acid 
reduction of 3-amino-4-hydroxyphenylarsonie acid a very small amount 
of sulfur may be found, although in this case the quantity is smaller 
than that produced with any other method.1*8 According to Fargher 1°19 
the sulfur in arsphenamine exists partly in the form of a sulfamino group, 
— NH.SO,H, the remainder being either attached to the arsenic or in 
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physical association with the arseno compound. King, however,'>”° 
regards the main sulfur impurity as the monohydrochloride of 3,3’-di- 
amino-4,4’-dihydroxy-5-sulfoarsenobenzene associated with varying pro- 
portions of the sulfate of arsphenamine base. 

Up to the present time it has not been definitely established whether 
the formula of arsphenamine should be written with two molecules of 
water or one of methyl alcohol. On the one hand, Ehrlich *2* and 
Kober **? claim that arsphenamine separates with 1CH,OH when pre- 
cipitated by the methyl alcohol-ether method, while, on the other hand, 
Gaebel *? and Myers 1°24 assume that it contains 2H.0. Fargher +>? 
found that arsphenamine precipitated as above contains no methyl 
alcohol, free or combined, while Rieger ‘**° obtained positive tests with 
American, German and Canadian products. Kober further claims that 
arsphenamine precipitated in aqueous hydrochloric acid contains either 
one or two molecules of water, depending upon the drying; that it is 
practically colorless when pure; and that the yellow tint of the other 
commercial samples may be due to their sulfur contents. Raiziss and 
Falkov analyzed a number of commercial samples of arsphenamine for 
carbon and hydrogen and found that some products contained one 
molecule of methyl alcohol, others contained two molecules of water of 
crystallization and the remainder contained both water of crystallization 
and methyl! alcohol.®”? 

In the course of his researches on salvarsan, Ehrlich investigated the 
interaction of this drug and various metallic salts, and as a result there 
was synthesized a series of new codrdination compounds in which either 
one or two molecular proportions of the metallic salt enters into intimate 
combination with the arseno compound. In these new complex com- 
pounds the metal is held in a non-ionizable condition so that its ordinary 
ionic manifestations are practically entirely masked. The formation of 
these metallic complexes applies not only to all arseno compounds but 
also to arsineoxides and arsines. The latter, however, in addition to this 
strong residual affinity, have a tendency to simultaneously act as reduc- 
ing agents. The ability of the arsineoxides to form codrdination com- 
pounds is less pronounced than that of the arseno compounds because 
the residual affinity of their arsenic is weaker, and is apparently greatly 
influenced by the substituents in the aromatic nucleus. 

The codrdination compounds of arsphenamine have been most thor- 
oughly investigated on account of their therapeutic importance. They 
may be generally prepared by simply mixing the drugs with the metallic 
salt in methyl alcoholic solution and precipitating with ether. It is not 
necessary to first isolate arsphenamine, as the codrdination compounds 
are formed directly upon reducing mixtures of the metallic salts and 
the arsonic acid or arsineoxide. In a similar manner metallic 
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addition products have been obtained with the dialkali salts of arsphen- 
amine. 

There has been considerable discussion as to the constitution of these 
metallic codrdination compounds, especially that of “silver arsphen- 
amine.” According to Karrer the metal attaches itself to the arsenic 
atoms, the resulting products corresponding to the formula 


[ Ras. : -Me] xX 


- 


lea. ; Me | x 


where Me represents the metallic and X the acid element or radicle. 
In accordance with this theory, the reaction between arsphenamine and 
two moles of silver nitrate proceeds in the manner indicated below: 


(HCI.H,N) (HO)C.HsAs 2,gno, _[ (HCI.H:N) HOCH. As. ..Ag] NO, 
Pinar nate 


| 
(HCl.H,N) (OH) C,H, As (HC].H,N)HOC,H,As...Ag | NO, 
hee (HO)C.HyAs. ..Ag] Cl 
ey | 


4 2HNO,. 
(HN) (HO)C,H,As...Ag | Cl 


On the other hand, Binz and his collaborators claim that arseno com- 
pounds containing no amino groups form no complexes with metallic 
salts, so that in silver arsphenamine the metal is attached to the nitrogen, 
the reaction proceeding according to the equation: 


(HCl.H,N) (HO)C,H;As = AsC,H; (OH) (NH,.HCl) + 2AgNO, —~> 
As = As 
a Pas 
os ~ 
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2HNO, 
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OH OH 


Dae 


The silver compound dissolves in four molecular equivalents of aqueous 
sodium hydroxide, forming a disodium salt, 


(HOAg. H.N) (NaO)C,H;As 
(HOAg.H.N) (NaO)C,H,As- 


which immediately loses one molecule of water, yielding the anhydride 
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With one mole of silver nitrate arsphenamine forms a compound of the 
formula, (H.N)(HO)C,H;,As = AsC,H,(OH) (NH,..AgNO;), which 
upon dissolving in three moles of caustic soda solution yields the silver 
hydroxide derivative, 


(H.N) (NaO)C,H,As = AsC,H;(ONa) (NH,.AgOH), 


the latter immediately losing 1H,O and producing the anhydride 
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Bauer, after conducting a series of diffusion experiments and ultra- 
microscopic studies, concluded that silver arsphenamine is a chemically 
homogeneous substance in which the silver is held in complex combina- 
tion. Raiziss, upon repeating these diffusion experiments not only with 
silver, but also with gold and platinum arsphenamines, found that 
although the arsenical completely passed through the membrane, the 
metal in each instance remained within the parchment bag. These 
results are in direct contrast to those of Bauer, and indicate that the 
metallic coérdination compounds of arsphenamine are intimate mixtures, 
of the ‘drug and a colloidal form of the metal. The investigation of 
these compounds has been rendered difficult on account of the fact that 
they cannot be satisfactorily purified. 

Very recently Binz and Ludwig claimed to have isolated two isomeric 
monosilver arsphenamine derivatives apparently corresponding to the 
formule, (HCl.H.N)(HO)C,H,As = AsC,H;(OH) (NH,.AgCl) and 
(HC1.H,N) (HO)C,H;As 


(H.N) Gaerne lee 
ing silver hydroxide derivatives by means of alkalis. The exact formule, 
however, have not been definitely established. 

Raiziss and Blatt prepared a new series of compounds consisting of 


which are converted into the correspond- 
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condensation products of arsphenamine and various aldehydes, in which 
one molecule of the aldehyde is attached to each amino group, and 
corresponding to the general formula, 


[RCH (OH) HN](HO)C,H;As = AsC,H,(OH) [NH (HO)HCR]. 


They are prepared from disodium arsphenamine by mixing with slightly 
more than two moles of the aldehyde in methyl alcoholic solution in an 
atmosphere of nitrogen, either at ordinary or water-bath temperature, 
and finally neutralizing with hydrochloric acid. The compounds are 
solids varying in color from yellow to reddish-brown, cannot be recrys- 
tallized from the ordinary organic solvents, and are all, with the excep- 
tion of the salicylaldehyde addition product, very sparingly soluble in 
alkali. The last property may be attributed to the fact that the solu- 
bility of phenolic compounds in dilute aqueous alkali is diminished by 
the introduction of groups into the phenol molecule: first, because of 
the resulting increased size of the molecule; and second, on account of 
the decreased acidity of the parent substance due to the nature and 
position of the group introduced. 

Although wonderful results have been obtained in the treatment of 
syphilis by means of arsphenamine, the preparation of its solution for 
intravenous administration is not very convenient for the average physi- 
cian. The drug must be dissolved in sterile water or physiological salt 
solution, and converted into its disodium salt by the careful addition 
of four molecular proportions of sodium hydroxide. Since this pro- 
cedure complicates the practical application of the product, many 
attempts have been made to convert it into a stable compound having 
(maximum tolerated dose) 
(minimum trypanocidal dose) 
dissolving in water with a neutral reaction, but requiring no further 
preliminary treatment. This has been successfully attained in the elabo- 
ration of the drug “Neoarsphenamine,”’ while of the numerous other, 
less efficient compounds the most prominent are ‘“‘Sulfarsenol,” “Galyl” 
and “Ludyl.” Neoarsphenamine is a derivative of arsphenamine in 
which hydrogen of the amino groups is replaced by a sodium methylene- 
sulfinate radical or radicals, the exact composition of the final product 
remaining as yet indefinite. In 1912, Ehrlich, in discussing this com- 
pound, merely described it as a condensation product of salvarsan with 
sodium formaldehydesulfoxylate, but furnished no analytical data as to 
its constitution. Later, Bertheim, in his monograph on organic arsenicals, 
ascribed to it the formula 


a similar therapeutic index 


, and not only 


(H,N) (HO)C,H,As = AsC,H, (OH) [NH.CH(OH)SONa], 


but Lehmann, after determining the arsenic content of several samples 
of the drug, concluded that the second amino group was not entirely 
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free. Nevertheless, it had been generally assumed that neoarsphenamine 
was the sodium salt of 3,3’-diamino-4,4’-dihydroxyarsenobenzene-N- 
methylenesulfinic acid. In 1921, however, Raiziss and Falkov made a 
complete study of the commercial product and found that it was a 
mixture of the N-mono- and N,N’-dimethylenesulfinates containing 
varying amounts of uncombined sodium formaldehydesulfoxylate, sodium 
sulfate and sodium chloride. It exhibits all the characteristic reactions 
of an arseno compound as well as the sodium salt of a substituted 
amino acid. 

N-Substituted derivatives of arsphenamine have also been prepared 
by the interaction of its disodium salt with a-halogenated fatty acids. 
The products are generally yellow, amorphous substances soluble in 
alkalis, more or less so in dilute hydrochloric or sulfuric acid, and 
insoluble in the usual organic solvents. These compounds have not as 
yet been obtained in pure form, as no method has been developed for 
the removal of the admixed impurities or by-products which are always 
precipitated along with the main products. 


8,3’-Diamino-4,4’-dihydroxyarsenobenzene (Arsphenamine base), 
(HEN) (HO) C, boas = AsC,H.(OH)( NZ). 


Various methods have been employed in the preparation of this most 
valuable therapeutic agent, but the most satisfactory procedure depends 
upon the direct reduction of 3-nitro-4-hydroxyphenylarsonic acid by 
means of sodium hydrosulfite. Into a constantly stirred aqueous solution 
(13 1.) of crystallized magnesium chloride (513 g.) and sodium hydro- 
sulfite (2950 g. of 80 per cent) there is slowly introduced a cold solution 
of the above arsonic acid (197 g.—0.75 mol.) in water (4.5 1.) con- 
taining sufficient caustic soda to form a disodium salt, and complete 
reduction effected by vigorous stirring at 55-60° for 144 to 2 hours. 
The resulting yellow precipitate of the arsphenamine base is allowed to 
settle, the supernatant liquid siphoned off, the residue transferred to 
suction funnels and washed with distilled water in an atmosphere of 
inert gas until the washings no longer exhibit an acid reaction. It is 
then sucked as dry as possible, pressed on porous plates, and finally 
dried in vacuo over sulfuric acid. The crude 3,3’-diamino-4,4’-dihy- 
droxyarsenobenzene is contaminated with mineral ash and small quan- 
tities of arsenical compounds containing sulfur,°** the greater part of 
which is eliminated when the base is converted into its dihydrochloride. 
It has been claimed by Ehrlich,°** that the magnesium chloride used in 
conjunction with the sodium hydrosulfite in the above reduction limits 
the formation of arsenic-sulfur compounds. 

According to Kober’s modification,*** the mixture of the arsonic acid 
and hydrosulfite solutions is either permitted to stand at room tem- 
perature or is warmed on a water-bath at 40° until the suspension first 
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formed seems to agglutinate and about to settle, when it is rapidly filtered 
off, and the filtrate digested on a water-bath at 50-60° for 2-21 hours. 

Another method consists in boiling 3-nitro-4-hydroxyphenylarsonic 
acid (20 g.) with 25 per cent hypophosphorous acid (100 c.c.) and 
glacial acetic acid (70 ¢.c.), redissolving the precipitate of 3,3’-dinitro- 
4,4’-dihydroxyarsenobenzene by adding potassium iodide (12 g.) and 
finally precipitating the arsphenamine base by neutralization with 
soda.*7® This method may be modified by boiling the above arsonic acid 
(20 g.) with i00 c.c. of water, 60 g. of crystalline phosphorous acid, 
80 c.c. of glacial acetic acid and 20 g. of potassium iodide.®® 

The same nitro compound may be reduced in successive stages by 
first forming 3-amino-4-hydroxyphenylarsonic acid, then 3-amino-4- 
hydroxyphenylarsineoxide, and finally arsphenamine base. Sodium 
amalgam (28.8 g. of 4 per cent Na) is added to a solution of the 
arsineoxide (4.98 g.) in water (30 c.c.) and 2N-acetic acid (32 ¢.c.), and 
the whole shaken from time to time at room temperature. When the 
amalgam has been completely utilized, a further addition of 25 c.c. of 
2N-acetic acid and 28.8 g. of sodium amalgam is made, and the above 
treatment repeated until reduction is complete, as shown by testing a 
portion of the filtrate with sodium hydrosulfite. The precipitate of 
arsphenamine base is then washed and dried in the manner previously 
described.°*" 

The above arsineoxide may also be reduced with hypophosphorous 
acid in precisely the same manner as the corresponding nitroarsonic 
acid.*"* 

The 8-amino-4-hydroxyphenylarsonic acid yields the pure arseno 
compound directly upon warming with hypophosphorous acid and a small 
amount of potassium iodide at 60° for two hours in an atmosphere of 
carbon dioxide, and precipitating with a slight excess of 10 per cent 
sodium carbonate solution.®*® 

Finally, arsphenamine base is obtained by condensing 3-amino-4- 
hydroxyphenylarsine with an equimolar amount of 3-amino-4-hydroxy- 
phenylarsineoxide in ethyl alcoholic hydrochloric acid solution.®2% 

The product is a pale yellow powder, soluble in dilute hydrochloric 
acid or aqueous alkali hydroxides, practically insoluble in aqueous 
sodium carbonate, and entirely so in water, sodium bicarbonate, dilute 
sulfuric acid or ether. It is reprecipitated from alkaline solution by 
neutralization with acids or by carbon dioxide. It is on account of the 
latter that an alkaline solution of arsphenamine becomes turbid on 
standing exposed to the air. 


Dihydrochloride of 3,3’-diamino-4,4’-dihydroxyarsenobenzene (“Ars- 
phenamine,” “Salvarsan,” “606” of Ehrlich’s series, “Kharsivan,” 
“Arsenobillon,” “Diarsenol,” “Arsenobenzol”) , 


(HCl.H,N) (HO)C,H,As = AsC,H; (OH) (NH,.HCl)2H,0 or 1CH,OH. 
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Arsphenamine base (366 parts) is suspended in methyl alcohol (3000 
parts) and dissolved by the addition of 25 per cent methyl alcoholic 
hydrochloric acid (292 parts). The solution is filtered, introduced into 
ten volumes of cold absolute ether with vigorous stirring and the result- 
ing precipitate of the dihydrochloride filtered, washed with ether and 
thoroughly dried in vacuo over sulfuric acid. These operations should 
be carried out as much as possible under exclusion of air.®77 679 

Another method consists in filtering off the precipitate of the base 
[obtained by reducing 3-nitro-4-hydroxyphenylarsonic acid with sodium 
hydrosulfite],°*° first washing with, then suspending in distilled water 
at 0°, and finally dissolving in the least amount of 2N-caustic soda at 
the same temperature. After filtering through an anaerobic filter, the 
solution is treated with 1:1 hydrochloric acid (150 ¢.c.) at 0°, the result- 
ing liquid diluted to 1700 c.c. with distilled water, and slowly introduced 
with vigorous stirring into 1:1 hydrochloric acid (3250 c.c.) at O°. 
The precipitate thus obtained, after settling for one hour, is filtered off 
and dried in vacuo over calcium chloride and solid caustic soda.**° 

The intermediate isolation of arsphenamine base may be avoided by 
the direct reduction of 3-amino-4-hydroxyphenylarsonic acid. The pure 
acid (23 g.) is mixed with water (736 c.c.), 50 per cent hypophosphorous 
acid (138 c.c.) and 3 per cent potassium iodide solution (11.5 ¢.c.), and 
the whole maintained at 55-60° for 144 hours. After cooling the result- 
ing deep-yellow solution to 10°, the dihydrochloride is precipitated by 
pouring into 1:1 hydrochloric acid (1640 ¢.c.) at 2° while stirring vigor- 
ously.°*t The corresponding arsineoxide may be employed instead of 
the arsonic acid in the above method, the reduction being carried out 
at room temperature instead of at 55-60°.°°? 

Arsphenamine is a pale yellow powder, which has been obtained with 
a gray color by both Kober and Fargher. It is permanent when dry 
and preserved in vacuo or in an inert gas; is soluble in water, methyl 
alcohol, ethylene-glycol or glycerine, sparingly so in ethyl alcohol, and 
very sparingly in glacial acetic acid, acetone, ether or concentrated 
mineral acids. Its greenish-yellow aqueous solution reacts strongly acid 
to litmus, and is not visibly affected by concentrated phosphoric or 
dilute mineral acids, except dilute sulfuric acid. Arsphenamine base is 
completely reprecipitated from an aqueous solution of the salt by adding 
two moles of caustic alkali; a third mole redissolves the precipitate form- 
ing a monosodium phenolate, while a fourth mole produces a disodium 
salt, (NaO) (H.N)C.H;As = AsC,H;(NH;)(ONa). It has recently 
been demonstrated that an aqueous solution of the latter is more effi- 
cacious in the treatment of syphilis than the monosodium salt. When 
a solution of the disodium salt is exposed to the air, it becomes more 
toxic due to a partial oxidation to 3-amino-4-hydroxyphenylarsineoxide,** 
which, according to Ehrlich,**? is twenty times more toxic than arsphen- 
amine, but according to Myers, is only six or seven times more toxic.°%* 
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The above base may also be obtained from the salt by treatment with 
sodium carbonate or acetate; it does not redissolve, however, in an excess 
of these reagents. 

With phosphotungstic acid solution arsphenamine yields a dirty gray 
precipitate insoluble in excess of the reagent, but soluble to a deep blue 
solution in sodium carbonate or ammonia; with phosphomolybdic acid 
solution a similar color reaction is produced upon acidulating with 
hydrochloric acid after the addition of the alkali; while with Millon’s 
reagent a yellow precipitate is obtained. 4-Dimethylaminobenzaldehyde 
added to a dilute hydrochloric acid solution of arsphenamine produces 
first an orange coloration and finally a precipitate of the same color. 
This reaction, distinct even in considerable dilutions, is rendered more 
so by the addition of mercuric chloride, and is suitable for detecting 
arsphenamine in animal tissues. When treated with sodium nitrite in 
dilute hydrochloric acid solution, the above arseno derivative forms a 
diazo compound having a greenish-yellow fluorescence, and producing a 
beautiful violet coloration with alcoholic a-naphthylamine, a light-brown 
color with alcoholic B-naphthylamine, and a deep red color with a 
freshly prepared alkaline solution of resorcinol. 

Like other arseno compounds, arsphenamine is readily oxidizable— 
on exposure to the air, it oxidizes to the arsineoxide very slowly in 
aqueous solution, and even more slowly in the dry state. Although the 
solid can be preserved unchanged indefinitely in evacuated ampoules, its 
aqueous, methyl-alcoholic and especially its alkaline solutions undergo 
decomposition when kept for some time in evacuated and sealed con- 
tainers. These solutions gradually darken, and finally deposit an intense 
reddish-brown precipitate possessing a complex structure and completely 
new properties, while the supernatant liquid becomes colorless. Since 
the earliest stages of this decomposition can scarcely be detected by 
chemical or physical means, biological and toxicological tests must be 
employed, the slightest alteration or decomposition of the drug causing 
an increase in toxicity. With iodine or alkaline hydrogen peroxide, 
arsphenamine is oxidized to 3-amino-4-hydroxyphenylarsonic acid; with 
mercuric chloride the corresponding arsineoxide is obtained.*®® 

Arsphenamine sulfate is a yellowish-white precipitate very sparingly 
soluble in water, obtained by adding sulfuric acid or a soluble sulfate 
to an aqueous solution of the dihydrochloride. 


Disodium salt of 3,3’-diamino-4,4 fe cieeucira ene ornare (Sodium 
Arsphenamine), (NaO) (H.N)C,H,As = AsC,H;(NH:;) (ONa)—A 5 per 
cent solution of cae methylate (190 g.) is added to a suspension of 
arsphenamine base (73 g.) in methyl alcohol (700 ¢.c.), and the resulting 
solution filtered into a mixture of absolute alcohol (1 1.) and ether (4 1.) 
accompanied by vigorous stirring. The precipitate formed is filtered off, 
washed with a mixture of equal parts of alcohol and ether, and dried in 
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vacuo. The entire procedure should be carried out in the complete 
absence of air. 

The product is a greenish-yellow powder, readily soluble in water, 
but after long exposure to the air, its original solubility is diminished.®* 
It is precipitated along with sodium formaldehyde sulfoxylate on adding 
the latter to a cold methyl alcoholic solution of the arseno compound, 
and pouring into an ice-cold mixture of alcohol and ether in the absence 
of air. The product is a pale-yellow powder readily soluble in water, 
but sparingly in alcohol.**° ; 

The dipotassium salt resembles the preceding compound, and _ is 
obtained by adding a methyl alcoholic solution (150 ¢.c.) of caustic 
potash (11.2 g.) to a suspension of arsphenamine base (36.6 g.) in methyl 
aleohol (120 c.c.), and precipitating with a mixture of alcohol (1 1.) 
and ether (3 1.) at 5°. “Like the disodium compound, it must be pre- 
pared in the absence of air.°*+ 

An arsphenamine preparation, which is stable in evacuated ampoules, 
may be produced by dissolving arsphenamine (47.5 g.) in water (200 
¢c.c.), converting into the disodium salt with 10N-sodium hydroxide 
(40 c.c.=4 mols.), adding a solution of mannitol (17.2 g.) in water 
(100 ¢.c.), and precipitating with a mixture of absolute alcohol (4 1.) 
and ether (4 1.).. The yellow powder obtained after drying is probably 
an intimate mixture of disodium arsphenamine and mannitol. It is 
readily soluble in water, very slightly so in alcohol or ether, and yields 
arsphenamine base with dilute hydrochloric acid.*** Stable compounds 
are also obtained by mixing aqueous solutions of arsphenamine with 
the sodium salt of nucleinic acid, casein, protalbinic or lysalbinic acid. 
The resulting precipitate may be filtered off, washed and dried, or con- 
verted into the alkaline salt by dissolving the necessary amount of 
caustic alkali and either reprecipitating with alcohol-ether, or concen- 
trating under diminished pressure. The free acid derivatives are yellow 
amorphous substances, while the colors of the sodium salts vary from 
green to light gray. The latter are easily soluble in water but insoluble 
in organic solvents.°** 


Co-ordination Compounds. 


Arsphenamine—Silver Compounds——Upon mixing equimolar quan- 
tities of arsphenamine and silver nitrate in methyl alcoholic solution and 
precipitating with ether, a brownish-yellow product is obtained which 
is very easily soluble in water, methyl alcohol or glycerine. The silver 
exists in a non-ionizable condition, and cannot be eliminated by the 
addition of reducing agents.°** When slightly less than one molecular 
proportion of silver nitrate is added to an aqueous solution of arsphen- 
amine, and the whole treated with concentrated aqueous sodium car- 
bonate, a pale brown amorphous precipitate is obtained in which the 
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silver is attached to the amino group. It is insoluble in ammonia or soda 
solution, readily soluble in dilute hydrochloric acid or caustic soda, and 
is stable toward hypophosphorous acid. On adding aqueous caustic 
soda to the above mixture of the silver salt and arsphenamine, and 
passing carbon dioxide through the resulting solution, there is formed 
a dark brown precipitate whose silver is attached to the arsenic. It is 
soluble in ammonia, dilute hydrochloric acid, sodium hydroxide or car- 
bonate, and yields metallic silver when warmed with hypophosphorous 
acid.**® With two moles of silver nitrate arsphenamine yields a brown 
precipitate easily soluble in water, caustic soda or methyl alcohol, and 
yielding a brownish-yellow amorphous solid with sodium chloride.®** 

The disodium salt of the mono silver compound (Silver Arsphen- 
amine) is prepared from arsphenamine either by dissolving in methyl 
alcohol, adding caustic soda solution (6 moles), mixing with methyl 
alcoholic silver nitrate solution (1 mole) and precipitating with absolute 
ether, or by mixing in aqueous medium with one mole of a silver salt, 
such as silver sulfate, and evaporating to dryness in vacuo.®” It is a 
brownish-black powder, unstable in moist air, readily soluble in cold 
water, excess of dilute hydrochloric or nitric acid, concentrated sulfuric 
or nitric acid, but insoluble in saturated sodium bicarbonate solution, 
dilute sulfuric or concentrated hydrochloric acid. Upon the addition of 
dilute sodium hydroxide to an aqueous solution of “silver arsphenamine” 
no immediate change is noticeable, but upon exposure to air or oxygen, 
a silver mirror forms at the surface and gradually proceeds downward. 
With phosphotungstic acid a reddish precipitate is obtained; with phos- 
phomolybdic _acid a reddish-brown precipitate. In the presence of 
sodium carbonate, however, the latter two reagents produce a dirty green 
coloration. Picric acid added to an aqueous solution of silver arsphen- 
amine produces a yellow precipitate, while ferric chloride yields first a 
reddish-colored solution, and finaliy a precipitate with an excess of the 
reagent.°*! According to Bauer,®®® silver arsphenamine is a chemically 
homogeneous substance, but the results of Raiziss and Gayron ®° indicate 
that it is an intimate mixture of arsphenamine and colloidal silver. 

A mixture of 3,3’-diamino-4,4’-dihydroxyarsenobenzene  disilver 
todide, C..H,,AS.,O.N,.2AgI, and the hydriodide of the corresponding 
monosilver iodide, CrsHiaAs,O,Na.Agl, HT, is obtaimed by dissolving 
arsphenamine base (6.6 g.) in water (100 ¢.c.) and 2.9N-hydriodie acid 
(10 ¢.c.), and adding a aes of silver nitr: mt (3 g.) in water (75 c.c.). 
The resulting orange-colored precipitate, which turns brick red upon 
drying, forms a soluble sodium salt.°** 

A monosilver bromide-arsphenamine is obtained by adding a potas- 
sium cyanide solution of silver bromide (1 mole) drop by drop to a 
solution of arsphenamine (1 mole) until a permanent precipitate is 
formed, and, after redissolving with hydrochloric acid, the codrdination 
product is precipitated as a sulfate by the addition of sulfuric acid. 
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The product is an orange-yellow to dark brown powder soluble in water 
rendered slightly alkaline by soda. The corresponding chloro and iodo 
derivatives may be similarly prepared.®%® 


3,3’-Diamino-4,4’-dihydroxyarsenobenzene-silver bromide-antimonyl 
sulfate (“Luargol”), (C,.H,.0.N,As.)..AgBr.SbO(H2SO,),, is prepared 
from the preceding compound by treating with antimony trichloride and 
precipitating with sulfuric acid.%? 


Arsphenamine—Gold Compounds.—To an aqueous solution of ars- 
phenamine (5 c.c. of a 5 per cent solution), an equimolar amount of 
aqueous auric chloride or sodium aurate (2 ¢.c. of a 10 per cent solution) 
is added, and the coédrdination compound isolated either by concentrating 
in vacuo or by precipitating with alcohol-ether or alcohol-acetone.®®® 
The same product may be obtained by dissolving 3-amino-4-hydroxy- 
phenylarsineoxide in a calculated quantity of dilute hydrochloric acid, 
adding an aqueous solution of 2.25 g. of auric chloride, and reducing 
with sodium hydrosulfite.°'* The brownish-yellow product is readily 
soluble in water, yields no precipitate of auric hydroxide with alkali, 
and loses none of its gold when treated with formaldehyde or sodium 
hydrosulfite in alkaline solution. 

A compound containing two moles of auric chloride may be obtained 
by mixing methy] alcoholic solutions of arsphenamine (1.5 g.) and auric 
chloride (2 g.) and precipitating with ether. The product is a brownish- 
yellow powder soluble in water, caustic soda solution or alcohol.®* 


Silver and Gold Arsphenamine.—To a methyl alcoholic solution of 
arsphenamine (1.5 g.) there are added successively similar solutions of 
silver nitrate (0.55 g.=1 mole) and auric chloride (1 g.=1 mole), and 
precipitation effected by means of ether. The resulting compound exists 
as a brownish-red powder easily soluble in water, glycerine or other 
hydroxylic solvents, and contains one molecular proportion of arsphen- 
amine, silver nitrate and auric chloride.®* 


Arsphenamine—Platinum Compound.—A brown powder, soluble in 
water, caustic soda or alcohols, is obtained by combining equimolecular 
proportions of the constituents either in methy! alcoholic °°° or in aqueous 
solution ®® and isolating like the corresponding gold compound. Its 
disodium salt is similarly prepared in alkaline solution.” 

A coordination compound of arsphenamine and palladiwm prepared 
like the platinum derivative, is a brownish-black powder easily soluble 
in water or aqueous caustic soda.°°* 


Arsphenamine—Copper Compounds.—A codrdination product with 
one molecule of cupric chloride is obtained by dissolving arsphenamine 
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(100 g.) in methyl alcohol (1600 c.c.), adding successively saturated 
methyl alcoholic hydrochloric acid (16 c.c.), and a solution of crystalline 
cupric chloride (35.8 g. of CuCl,.2H,O =1 mole) in methyl alcohol 
(400 c.c.) with stirring, and precipitating the codrdination compound. 
The entire procedure should be carried out in an atmosphere of nitrogen 
or carbon dioxide.*®® The product may be similarly prepared in aqueous 
medium; 7° as well as by reducing either a hydrochloric acid solution of 
3-amino-4-hydroxyphenylarsineoxide (2 moles) and crystalline cupric 
chloride (1 mcle) with stannous chloride,*** or a mixture of 3-amino-4- 
hydroxyphenylarsonic acid (2 moles), and cupric chloride (1 mole) with 
sodium hydrosulfite at 50°.7? The product is an orange-yellow powder 
easily soluble in water, glycerine or ethylene glycol, and does not yield 
cupric hydroxide with aqueous alkalis in the cold, cupric oxide, however, 
separating upon warming. 

The corresponding disodium salt is prepared either from the above 
coordination compound (40 g.) by dissolving in 2N-caustic soda (240 c.c.) 
and precipitating with alcohol (4 liters), or from a mixture of aqueous 
arsphenamine (5 g. in 40 c.c.) and aqueous cupric chloride (1.8 g. of 
CuCl,.2H.O = 1 mole in 15 c.c.) by rendering alkaline with 10N-caustic 
soda (8 c.c.) and precipitating with alcohol (900 c.c.). All operations 
in these two methods should be performed in an atmosphere of 
nitrogen.7°% 

A di-cupric chloride derivative is similarly prepared from arsphen- 
amine and 2 moles of the salt in methyl! alcoholic solution.*®® 

A mono cuprous derivative results upon mixing a methyl alcoholic 
solution of arsphenamine (3 g. in 20 ¢.c.) with a methyl! alcoholic hydro- 
chloric acid solution of cuprous chloride (1.24 g.—1 mole) and pre- 
’ clpitating with ether. It separates as a brick-red powder easily soluble 
in water.°7 


Arsphenamine — Mercuric Compound.—On dissolving equimolar 
quantities of arsphenamine and mercuric chloride in methyl! aleohol con- 
taining a slight amount of hydrochloric acid and precipitating with 
ether, an orange colored powder is deposited. It is easily soluble in 
methyl alcohol, glycerine or acidified potassium iodide solution, insoluble 
in sodium chloride or potassium iodide solution, and is decomposed by 
water or aqueous caustic soda with separation of metallic mercury. If 
mercuric iodide is employed instead of the chloride, there is obtained 
a yellowish-red, water soluble product which is more stable than the 
mercuric chloride compound.**s 


Mercury and Antimony Arsphenamine—When a methyl alcoholic 
solution of arsphenamine (10 g. in 100 ¢.c.) is mixed with similar solu- 
tions of antimony trichloride (4 g. im 4 ¢.c.) and mercuric iodide (1 g. in 
90 c.c.) a cherry red solution is obtained from which ether precipitates 
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a yellowish-red powder easily soluble in water or a slight excess of 
aqueous caustic soda. Its methyl alcoholic alkali solution yields with 
ether a precipitate of a sodium compound containing arsphenamine base, 
mercuric lodide and an antimony] radical. 


Condensation Products of Arsphenamine and Various Aldehydes. 


3,3’-Bis[ (hydroxymethyl) amino]-4,4’-dihydroxyarsenobenzene dihy- 
drochloride, 


[HCI.CH, (OH) HN] (HO)C,.H,As = AsC,H; (OH) [NH(HO)CH..HCl], 


is prepared by warming a methyl alcoholic solution of arsphenamine, 
formaldehyde (2 moles) and N-hydrochloric acid (5 moles) for two 
hours in an atmosphere of nitrogen, and finally precipitating with an 
excess of hydrochloric acid. It is a yellowish-brown powder decompos- 
ing at 190° without melting, soluble in methyl alcohol or hot water, 
sparingly in cold water or aqueous caustic soda, and insoluble in ether.7 


3,3’- Bis (a-hydroxy-m-nitrobenzylamino) - 4,4’ - dihydroxyarsenoben- 
zene, 


AsC,H, (OH) [NH (OH) HCC,H,.NO.] 
AsC,H; (OH) [NH (OH) HCC,H,.NO.] 


derived from disodium arsphenamine and 3-nitrobenzaldehyde (2 moles) 
by refluxing in methyl alcoholic medium for two hours in a current of 
nitrogen, is a yellow powder decomposing at 247-50° without melting, 
insoluble in water, dilute hydrochloric acid, methyl or ethyl alcohol, 
ether or benzene, and sparingly soluble in acetone, ethyl acetate or dilute 
caustic soda solution, gradually decomposing in the latter.’ 


3,3’-Bis (0,a-dihydroxybenzylamino) -4,4’-dihydroxyarsenobenzene, 
AsC,H; (OH) [NH (OH) HCC,H,.OH}] 
AsC,H; (OH) [NH (OH) HCC,H,.0H] 


is a yellowish-brown powder, m. p. 182°, soluble in methyl alcohol or 
sodium hydroxide, sparingly so in glacial acetic acid, and insoluble in 
dilute mineral acids or organic solvents. It is prepared like the preced- 
ing compound by employing salicylaldehyde at ordinary temperature, 
and is completely precipitated upon acidifying the reaction mixture with 
hydrochloric acid. The corresponding dihydrochloride is obtained by 
the interaction of arsphenamine and salicylaldehyde (2 moles) in methyl 
alcoholic-hydrochloric acid solution and subsequently precipitating with 
ether. It is an orange-yellow powder soluble in dilute aqueous caustic 
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soda, sparingly so in hot acetone, and insoluble in acids or the usual 
organic solvents.’°° 


3,3’ - Bis (a- hydroxy - p-methorybenzylamino) - 4,4’ - dthydroxyarseno- 
benzene, 
AsC,H; (OH) |NH(OH) HCC,H, (OCH,) ] 


AsC,H; (OH) [NH (OH) HCC,H, (OCHS) ] 


from disodium arsphenamine and p-anisaldehyde in the absence of air, 
is a yellow powder gradually decomposing on heating, sparingly soluble 
in dilute caustic soda solution, acetone or ethyl acetate, and insoluble 
in water, dilute hydrochloric acid, ether, methyl or ethyl alcohol." 


3,3’-Bis (p,a-dihydrozy - m - methoxybenzylamino) - 4,4’- dihydroxyar- 
senobenzene, 


AsC,H; (OH) [NH (OH) HCC,H; (OH) (OCHs) } 
AsC,H; (OH) [NH (OH) HCC,H; (OH) (OCHS) } 


is a reddish-brown powder, m. p. 175-6°, soluble in aqueous sodium 
hydroxide or carbonate, methyl or ethyl alcohol, and insoluble in water, 
ether or sodium bicarbonate. It is prepared lke the preceding com- 
pound by employing vanilline.7°° 


8,3’ Bis (a-hydroxy-y-phenylallylamino) -4,4’-dihydroxyarsenobenzene, 


AsC,H; (OH) [NH (OH) HCCH = CHC,H;] 


| 
AsC,H; (OH) [NH (OH) HCCH = CHC,Hs] 


results upon refluxing disodium arsphenamine and cinnamic aldehyde in 
methyl! alcoholic solution for two hours in an atmosphere of nitrogen. 
It is a yellow powder decomposing at 195-200° without melting, slightly 
soluble in dilute alkalis, acetone, methyl or ethyl alcohol, and insoluble 
in water, ether or dilute acetic acid. It assumes a reddish-brown color 
with dilute mineral acids.” 

A stable solution of a condensation product is also formed upon 
adding arsphenamine base to an aqueous solution of sulfobenzaldehyde, 
and warming with sodium hydroxide or carbonate. Upon the addition 
of alcohol, a yellow sodium salt is precipitated.*?7 


Arsphenamine Derivatives. 


Sodium 3,3’-diamino - 4,4’- dihydroxyarsenobenzene - N - methylenesul- 
finate (“Neoarsphenamine,” “Neosalvarsan,” “Novarsenobillon,” “Neo- 
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kharsivan,” “Novarsenobenzol,” “Neodiargenol,’ “914” of Ebhrlich’s 
series) , 
AsC.H; (OH) (NH.) 


| 
AsC.H; (OH) (NH.CH:OSONa) .1CH,OH or 2H.0 


To an aqueous solution of arsphenamine (25 g. in 250 ¢.c.) is added 10% 
aqueous sodium formaldehydesulfoxylate (250 ¢.c.), and one hour later 
10% sodium carbonate solution (80 c.c.). From the resulting liquid, 
hydrochloric acid (100 ¢.c. of 12%) precipitates 3,3’-diamino-4,4’-dihy- 
droxyarsenobenzene-N-methylenesulfinic acid, which is then converted 
into its sodium salt (neoarsphenamine) by suspending in water (20 g. 
in 70-80 c.c.), adding 2N-sodium hydroxide (20 c.c.), and pouring the 
solution in a thin stream into one liter of alcohol.7%7 

The formation of this product is facilitated by operating in solu- 
tions of alcohols, particularly methyl] or ethyl alcohol, glycol or glycerine. 
To a solution of arsphenamine (50 parts) in glycol (200 parts) there 
is added a solution of sodium formaldehydesulfoxylate (31 parts in 50 
parts of water), the whole stirred for five minutes, neutralized with 
sodium carbonate, and finally precipitated with ethy! alcohol, acetone 
or a mixture of alcohol and ether. This method may be modified by 
adding sodium carbonate solution (40 c.c. of 12.56%) with stirring to a 
solution of arsphenamine (25 g.) in glycol (200 c.c.) and 25 c.c. of 
water. The resulting, finely divided precipitate of arsphenamine base 
is now treated with an aqueous solution of sodium formaldehyde sul- 
foxylate (15 g. in 30 c.c.), the whole stirred at 35° until completely 
dissolved, and the neoarsphenamine precipitated by introducing into a 
mixture of alcohol and ether.*°* 

Neoarsphenamine may also be prepared from 3,3’-dinitro-4,4’-di- 
hydroxyarsenobenzene, 3-nitro or amino-4-hydroxypheny! arsineoxide or 
arsonic acid. A_ solution of 3,3’-dinitro-4,4’-dihydroxyarsenobenzene 
(100 g.) in sodium hydroxide (60 g. of 40° Bé) and water (1 1.) is 
warmed with sodium formaldehydesulfoxylate solution (200 g. in 1 
liter of water) on a water-bath for two hours, and after cooling and 
filtering, the free sulfinic acid derivative is first precipitated with dilute 
sulfuric acid and then converted into the sodium salt.7°° 

3-Nitro-4-hydroxyphenylarsineoxide (100 g.) is dissolved in aqueous 
sodium hydroxide (1 |. of 1.5%), gently warmed for 1-2 hours with an 
aqueous solution of sodium formaldehydesulfoxylate (200 g. in 1 |), 
and the sulfinic acid precipitated with dilute sulfuric acid.7"° 

3-Amino-4-hydroxyphenylarsineoxide (10 parts), dissolved in caustic 
soda (5.7 parts of 40° Bé NaOH in 100 parts of water), is warmed with 
sodium formaldehydesulfoxylate (10 parts in 50 parts of water) for 
several hours at 50-60°, and after cooling, the whole is acidified with 
hydrochloric acid."'° 

Upon warming a solution of sodium 3-nitro-4-hydroxyphenylarsonate 
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in water (5 parts) with sodium formaldehydesulfoxylate (2 parts in 10 
parts of water), the free sulfinic acid slowly separates.” 

A solution of 3-amino-4-hydroxyphenylarsonic acid (10 parts) in 
sodium carbonate (2.3 parts in 100 parts of water) is mixed with sodium 
formaldehydesulfoxylate (20 parts in 100 parts of water) and N-hydro- 
chloric acid (438 parts), and after warming for several hours at 40-60°, 
the sulfinic acid is precipitated by acidification with dilute sulfuric 
acid. 

Neoarsphenamine is an orange-yellow deliquescent powder, darkening 
on exposure to air, readily soluble in water or glycerine, but only slightly 
so in methyl or ethyl alcohol, acetone or ether. Its freshly prepared 
aqueous solution is yellow in color, reacts neutral toward litmus, de- 
colorizes indigo carmine, and is very sensitive to oxidation,”* as in- 
dicated by its increased toxicity upon exposure to the air. With dilute 
as well as concentrated mineral acids, or warm acetic acid (36%) 
it yields precipitates; no visible effects are observed with aqueous sodium 
hydroxide or carbonate; solutions of barium or calcium hydroxide pro- 
duce either turbid solutions or faint precipitates. Its behavior with 
oxidizing agents is similar to that of arsphenamine, while with Millon’s 
reagent a brown precipitate results. Unlke arsphenamine, the neo 
compound, when boiled with dilute hydrochloric acid, yields a violet 
coloration upon the addition of Schiff’s reagent. The diazotized solu- 
tion gives with a-naphthylamine hydrochloride and resorcinol color re- 
actions similar to those obtained with arsphenamine. According to 
Binz,**> mercuric chloride reacts with an excess of neoarsphenamine, 
yielding colloidal mercury, 3,3’-diamino-4,4’-dihydroxy arsenobenzene-N- 
methylenesulfinic acid, the corresponding sulfonic acid derivative, 


(HN) (HO)C,.H,As = AsC,H; (OH) (NH.CH,OSO.H), 


3-amino-4-hydroxyphenylarsineoxide, 3-(imimomethylenesulfonic acid)- 
4-hydroxyphenylarsineoxide, OAsC,H; (OH) (NH.CH.OSO.H), and for- 
maldehydesulfonic acid, CH,(OQH)OSO.H. 

The analysis of neoarsphenamine always yields lower results for 
arsenic ‘** than that required by the empirical formula, 


Ci3Hi30,.N,As,S5Na.1CH;,0H or 2H,0, 


while those obtained for sulfur are invariably higher. This has been 
attributed to the presence of varying amounts of the corresponding 
N,N’-dimethylenesulfinate, uncombined sodium formaldehydesulfoxylate, 
sodium sulfate and sodium chloride." 


Codrdination Compounds of Neoarsphenamine.7!® 


With Silver Nitrate —An aqueous solution of silver nitrate (0.77 parts 
in 100 parts of water) is slowly added with stirring to a concentrated 
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aqueous solution of neoarsphenamine, and precipitated with alcohol-ether. 
The product is a black powder SST in water to a markedly fluores- 
cent solution. 


With Gold Chloride—A very soluble brownish-red product is ob- 
tained by mixing molecular proportions of the constituents in aqueous 
solution and precipitating with alcohol-ether. 


With Platinic Chloride——A soluble brown powder prepared like the 
preceding compound. 


With Cupric Chloride—A yellow powder prepared like the gold 
compound. It gives none of the reactions of ionic copper in the cold, 
the codrdination product decomposing only on boiling. 


Disodium 3,3’-diamino-4,4’-dihydroxyarsenobenzene-N ,N’-dimethyl- 
enesulfinate, 


(NaOSOH.C.HN) (HO)C,H;As = AsC,H,; (OH) (NH.CH,OSONa), 


is prepared by adding a solution of sodium formaldehydesulfoxylate 
(25 g.) in water (60 c.c.) to an aqueous suspension of arsphenamine base 
(21 g.), dissolving by gently warming on a water-bath, precipitating the 
disulfinie acid with concentrated hydrochloric acid (25 c.c.), and con- 
verting into the disodium salt in the manner described under neo- 
arsphenamine.7°" 


3,3’-Diamino-4,4’-dihydroxyarsenobenzene-N-methylenesulfonic acid, 
(H.N) (HO)C,H,As = AsC,H; (OH) (NH.CH,OSO.H).—To a suspen- 
sion of arsphenamine base (1 part) in water (3 parts) are added suc- 
cessively formaldehyde solution (0.3 parts of 40%) and sodium bisulfite 
1 part of 40%, the whole warmed on a water-bath until complete solu- 
tion results, and the above acid precipitated by the addition of hydro- 
chloric acid.7* It may also be prepared by adding mercuric chloride 
(6 g. in 50 c.c. of water) to aqueous neoarsphenamine (50 c.c. of 12%), 
filtering off the precipitated mercury, introducing successively hydro- 
chloric acid (10 c.c. of 2N) and sodium hypophosphite (8 g.), and 
allowing to stand for 12 hours.*® It is a bright yellowish-red powder, 
which when heated decomposes without melting, sulfurous acid being 
liberated. It is easily soluble in aqueous alkali hydroxides or carbonates, 
difficultly so in pure water, and insoluble in alcohol,’ ether, benzene, 
acetone or acids. 

Its sodium salt (Sulfarsenol) is prepared by suspending the free acid 
in water (3 parts), dissolving by means of aqueous sodium hydroxide 
or carbonate, and reprecipitating with alcohol or acetone (10-15 volumes) 
with stirring, or by evaporating a neutral solution of the acid to 
dryness in vacuo. It forms a reddish-brown powder, dissolving very 
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easily in water to a stable solution which is claimed to be neutral, 
but according to Voegtlin,“* it is slightly acid to litmus. The product 
is insoluble in strong alcohol, and decomposes without melting when 
heated. The corresponding potassium and ammonium salts are similarly 
prepared,7*° 


Disodium  3,3’- diamino -4,4’- dihydroxyarsenobenzene - N,N’- dimeth- 
ylene sulfonate (Sulpharsphenamine) , 


(NaO.SOCH,.HN) (HO) C,H;As = AsC,H;(OH) (NH.CH.OSO.Na), 


is prepared by treating a dilute alcoholic solution of arsphenamine suc- 
cessively with formaldehyde solution (2 or 3 moles) and aqueous sodium 
bisulfite (4 or 6 moles), and finally precipitating with 95% alcohol. 
The product is a light yellow precipitate easily soluble in water, and 
does not decolorize indigo carmine. Its aqueous solution is very stable 
and does not increase in toxicity on standing in contact with air for 
24 hours."!§ 


Galyl (“1116” of Mouneyrat’s Series) —3-Amino-4-hydroxyphenyl- 
arsonic acid (23.3 g.) is dissolved in water (300 c.c.) and caustic soda 
(90 c.c. of 36° Bé), mixed with 90% alcohol (350 c.c.), the whole 
cooled and stirred, and phosphorous oxychloride (27 c.c.) introduced. 
The liquid is then neutralized with .caustic soda (18 e.c. of 36° Bé), 
poured into a solution containing water (1800 c.c.), magnesium chloride 
(100 g.) and sodium hydrosulfite (500 g.), and finally heated at 50° C. 
for four hours. The resulting yellow precipitate, consisting of a mix- 
ture of tetrahydroxydiphosphotetraaminodiarsenobenzene, 


HIN (OH) C,H,As = AsC,H, (OH) NH 
(HO)OP < TN (HO)C,H.As = AsC,H, (OH) NH > PO(OH) 


and tetrahydroxymonophosphotetraaminodiarsenobenzene, 


HN (HO)C,H,As = AsO,H, (OH)NH 
HN (HO) C,H,As = AsO,H, (OH)NH > PO(OH), 


is soluble in dilute sodium carbonate or hydrochloric acid, and reduces 
Fehling’s, Nessler’s or Tollens’ reagent in alkaline solution." 

More recently a “new” Galyl, a sodium salt of the “old” product, 
was prepared by precipitating a solution of the latter “by means of a 
solution of sodium hydrosulfite,” the resulting compound separating with 
five molecules of sodium sulfite and containing 18 per cent of arsenic. 
According to a report of the Council on Pharmacy and Chemistry of 
the American Medical Association,’*° a solution of the above product 
responds to practically all the tests for sodium arsphenamine, except 
that there are present sodium phosphate, sodium sulfite and sugar. The 
same report also states that the new sodium salt, if present as claimed 
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by its manufacturer, is easily hydrolyzed into sodium phosphite and 
sodium arsphenamine; that there is no evidence of a linkage between the 
sulfite groups and the arsphenamine compound; and that the administra- 
tion of Galyl amounts to the administration of sodium arsephenamine. 


Benzene-m-3’,3’- disulfamino - bis -3-amino-4,4’-dihydroxyarsenoben- 
zene (Ludyl, “1151” of Mouneyrat’s series) 


wh NS a NS 
HOS > ee e ou 
ihe Nee 
ye wea: .HN NH, 
NS 
A As oS oe ae ~ 
HOC > Asa An OH. 
ibe a ae 
ery — fH, 


This complex arsenical, prepared from benzene-m-disulfonic chloride 
and arsphenamine by the Schotten-Baumann reaction, is a yellow or 
yellowish-gray powder soluble in aqueous sodium carbonate but in- 
soluble in water. Its sodium salt, precipitated from aqueous solution 
by means of alcohol or sodium chloride, dissolves in water with a 
neutral reaction and remains unchanged for several days in the absence 
Of) air! 


N-Substituted Fatty Acid Derivatives of Arsphenamine. 


4,4’-Dihydroxy-3-aminoarsenobenzene-3’-aminoacetic acid, 
(H,N) (HO)C,H,NH.CH,COOH. 


Prepared by heating a methyl alcoholic suspension of arsphenamine base 
with aqueous chloroacetic acid at 60-65° in an inert atmosphere, the 
reaction being accelerated by the addition of potassium iodide. A 
modification of this procedure consists in employing disodium arsphen- 
amine and sodium chloroacetate instead of the free acid compounds. 
The product is a yellow powder readily soluble in alkalis or excess of 
acids, but insoluble in the usual organic solvents. 

The sodium salt is prepared by dissolving the acid derivative in 
concentrated aqueous alkali and either precipitating with alcohol or 
acetone, or concentrating in vacuo. It is a yellowish-brown powder 
readily soluble in water to a neutral solution, and insoluble in alcohol 
or acetone. The potassium and ammonium salts have similar properties, 
but the latter in addition slowly dissociates at ordinary temperature.’?? 
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4,4’-Dihydroxyarsenobenzene-3,3’-diaminoacetic acid, 
(HOOCH,.C.HN) (HO)C.H,As = AsC,H, (OH) (NH.CH,COOH), 


may be obtained either from the preceding compound by heating with 
aqueous chloro or bromo acetic acid at 60-65° in an atmosphere of 
nitrogen,” or from methyl alcoholic disodium arsphenamine, aqueous 
sodium chloroacetate, and a slight amount of copper turnings as a catalyst 
by refluxing for five hours under the same conditions as above, diluting 
with water, and finally acidifying with dilute hydrochloric acid.°*? The 
product is a yellow powder readily soluble in methyl alcoholic hydro- 
chloric acid, aqueous sodium hydroxide, carbonate or bicarbonate, but 
insoluble in water, ether, methyl or ethyl alcohol. It is readily oxidized 
to the corresponding arsonic acid by iodine solution. Its yellowish- 
brown disodium salt, [NaQOCCH.HN) (HO)C,H;As= ]., is readily 
soluble in water but insoluble in alcohol or acetone. 


4,4'-Dihydroxy-3-aminoarsenobenzene-3’-amino-a-propionic acid, 
CH, 
(H,N) (HO) C,H,As = AsC,H, (OH) NH.CH < 
COOH 
is a yellow powder soluble in alkalis or excess of dilute hydrochloric 
acid, insoluble in the usual solvents, and prepared like the corresponding 
acetic acid derivative by employing a-bromopropionie acid.” Its yellow 
sodium salt is soluble in water but insoluble in organic solvents. 
4,4’-Dihydroxyarsenobenzene-8,3’-diaminopropionic acid, 
H,;C CH; 
> HC.HN(HO)C,H;As = AsC,H, (OH)NH.CH . : 
HOOC COOH 


Prepared like the corresponding diacetic acid derivative without acidify- 
ing the reaction mixture after dilution with water. It is a yellow powder 
soluble in methyl! alcohol, aqueous alkali hydroxide, carbonate or bicar- 
bonate, dilute hydrochloric or sulfuric acid, insoluble in ether, and is 
oxidized to the arsonic acid by iodine.*™ 


4,4’-Dihydroxyarsenobenzene-3,3’-diamino-n-butyric acid, 
H.C; C,H, 
s HC.HN(HO)C,H,As = AsC,H,(OH) NH.CH < 
HOOC COOH 


from disodium arsphenamine and a-bromobutyric acid like the previous 
compound, is a yellow powder soluble in methyl alcohol, dilute alkalis 
or acids but insoluble in water.®”? 


b 
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4,4’-Dihydroxyarsenobenzene-3,3’-diaminoisobutyric acid, 
(H;C). (CHs). 
S.C. HN (HO) C.HeAs = AsC,H,(OH)NH.c & 

HOOC COOH 
resembles its isomer.°’? The ethyl ester, prepared from ethyl bromoiso- 
butyrate, is a yellow powder soluble in 95% methyl alcohol, dilute 
sodium hydroxide or carbonate or ammonia, and insoluble in water, 
ether, dilute hydrochloric or sulfuric acid. It may be readily hydrolyzed 


to the corresponding isobutyric acid derivative by warming with con- 
centrated caustic potash in an atmosphere of nitrogen.®7? 


) 


4,4’-Dihydroxyarsenobenzene-3,3’-diamino-n-valeric acid, 
HG. C;H, 
> HC.HN(HO)C.H,As — AsO,H, (OH) NH.CH K | 
HOOC COOH 


A yellow powder soluble in methyl alcohol, sodium hydroxide or car- 
bonate, slightly so in dilute hydrochloric or sulfuric acid, and insoluble 
in water or aqueous sodium bicarbonate.*”? 

The corresponding isovaleric acid derivative resembles its isomer 
except that it is more readily soluble in dilute mineral acids. 


4,4’-Dihydroxyarsenobenzene-3,3’-diamino-n-heptylic acid, 
HC, (GCAshe 
HC.HN(HO)C,H.As = AsC,H, (OH) NH.CH e 
HOOC COOH 


When the filtrate of the reaction mixture obtained by the usual pro- 
cedure from disodium arsphenamine and a-bromoheptylic acid is diluted 
with three volumes of water, a brown resinous mass separates. From this 
the heptylic acid derivative is isolated by dissolving the dried product 
in 95% methyl alcohol and precipitating with absolute ether. It forms 
a yellow powder soluble in methyl alcohol, sodium hydroxide or car- 
bonate, insoluble in sodium bicarbonate, ether or dilute mineral acids.°? 


4,4'-Dihydroxyarsenobenzene-8,3'-diaminostearic acid, 
Hsas Oielles 
os HC.HN(HO)C,H,As = AsC,H;(OH) NH.CH < , 
HOOC COOH 


obtained in small yield upon diluting the filtrate of the reaction mix- 
ture with water, exists as a yellow powder having the same solubilities 
as the preceding compound.*” 
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Isomerides of Arsphenamine. 


4,4'-Diamino-2,2’ -dihydroxyarsenobenzene, is isolated as its dihydro- 
chloride upon reducing 4-amino-2-hydroxyphenylarsonic acid with stan- 
nous chloride and concentrated hydrochloric acid at — 5° in the presence 
of glacial acetic acid and a small amount of hydriodic acid. The salt 
is a bright yellow powder readily soluble in water, from which sodium 
hydroxide liberates the free base as a yellow precipitate soluble in excess 
of the reagent. The sulfate is sparingly soluble.**® 


5,6’-Diamino-2,2’-dihydroxyarsenobenzene, a yellow powder soluble 
in aqueous caustic alkalis or hydrochloric acid, is formed by reducing 
the corresponding nitrohydroxyarsonic acid with sodium hydrosulfite. 
When oxidized together with p-xylenol by means of sodium hypochlorite 
in alkaline solution, it yields an intense cornflower-blue solution of the 
corresponding iodophenolarsonic acid.7*? A condensation product with 
sodium benzaldehydesulfonate results upon allowing the components 
to stand in slightly alkaline solution in the absence of air, and precipitat- 
ing with alcohol.*? 


2,2’-Diamino-3,3’-dihydroxyarsenobenzene, lustrous leaflets melting 
with decomposition at 205-8°, is obtained by reducing the corresponding 
nitrohydroxyarsonic acid with sodium hydrosulfite at ordinary tempera- 
pure,??* 


4,4/-Diamino-8,3’-dihydroxyarsenobenzene, may be obtained by re- 
ducing 4-amino-3-hydroxyphenylarsonic acid with sodium hydrosulfite at 
60-65°.725 Another method consists in diazotizing 3-nitro-4-aminophenyl- 
arsonic acid, treating with sodium acetate to replace the nitro group by 
a hydroxyl, coupling with B-naphthol in alkaline solution, dissolving the 
resulting dye, H,O;As.C,H;(OH) .N = N.C,,H,.OH, in water contain- 
ing sodium hydroxide and acetate, and finally warming with sodium 
hydrosulfite at 35-8° until complete decolorization occurs. The solution 
is now cooled to 10°, the precipitated 1-amino-2-naphthol filtered off, 
the remainder precipitated from the filtrate by saturating with carbon 
dioxide, and the final filtrate warmed for two hours at 65-70°, when 
the above arseno compound gradually separates out.72° 

The product is a yellow, readily oxidizable powder, scarcely soluble 
in water, but easily so in dilute alkalis or mineral acids. The dihydro- 
chloride, prepared by dissolving the base in alcoholic hydrochloric acid 
and precipitating with ether in the absence of air, is a pale yellow powder 
easily soluble in water, the free base being reprecipitated by the addi- 
tion of sodium carbonate or acetate. It diazotizes to an intensely 
yellow colored diazo compound yielding a splendid blue azo color when 
coupled with 1-amino-8-hydroxynaphthalene-4-sulfonic acid in alkaline 
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solution. The sparingly soluble sulfate, [H,SO,.H.N.C,H,(OH) As = Ts 
is prepared by adding sulfuric acid or an alkali sulfate to a solution of 
the dihydrochloride. 


2,2’ or 6,6’-Diamino-5,5’ or 3,3’-dihydroxyarsenobenzene is similarly 
prepared.727 


Homologues of Arsphenamine. 


3,3’-Diamino-4,4’-dihydroxy-5,5’-dimethylarsenobenzene, 


H,N NH, 
s 4 
OH — C,H.As = AsC,H. — OH ) 
H;C CH; 


prepared by reducing the corresponding nitro arsonic acid with sodium 
hydrosulfite, is a pale yellow powder melting at 165-7° with decomposi- 
tion, easily soluble in alkalis or dilute hydrochloric acid, but only 
sparingly in water or organic solvents. Its dihydrochloride, a pale yellow 
powder containing two molecules of water, is readily soluble in water 
or methyl alcohol, less so in ethyl alcohol, and practically insoluble 
in ether or acetone.*** 


8,3’-Diamino-4,4’-dihydroxy-6,6’-dimethylarsenobenzene is similarly 
prepared.7?° 
8,3’-Diamino-4,4’-dihydroxy-a-arsenonaphthalene dihydrochloride, 
HCl.H,N NH,.HCl 
> Cras = AcOH. < 
HO OH 


is a brownish-yellow, insoluble powder obtained by reducing the corre- 
sponding nitro arsonic acid with stannous chloride and hydrochloric acid 
in methyl alcoholic solution.°” 


§,6’-Diamino-4,4’ -dihydroxy-1,1’-arseno-2,2’-stilbene, 


Ag=—————As 
a Via 

H,N ) NH. 
of of 
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Obtained by reducing the corresponding dinitrodihydroxystilbenedi- 
arsonic acid with either sodium hydrosulfite in alkaline solution, or with 
stannous chloride and hydrochloric acid containing a slight amount of 
potassium iodide. It is a yellowish-brown powder readily soluble in 
caustic soda but insoluble in acids.**° 


B. Secondary Derivatives. 


1. Diaryl Arsines, R,.AsH—The fact that, up to the present time, 
diphenylarsine is the only known member of this class of arsenicals may 
probably be accounted for by the many difficulties involved in their 
preparation, purification and preservation. 


Diphenylarsine, (C,H;),AsH.—Diphenylarsinic acid is mixed with 
an excess of amalgamated zinc dust covered with a layer of ether, and 
reduced by the gradual addition of concentrated hydrochloric acid 
accompanied by vigorous agitation. When the reaction is completed, 
the ethereal solution is dried over fused calcium chloride and distilled 
in an atmosphere of carbon dioxide. Throughout the process it is very 
essential that air or moisture be excluded. 

The product is a clear, colorless oil boiling at 174°/25 mm., and 
possessing an odor resembling that of phenylarsine, but less pleasant. 
Its concentrated vapor produces catarrhal symptoms and sneezing. It 
is soluble in alcohol, ether or other organic solvents but insoluble in 
water. When exposed to the air the arsine is instantly oxidized to a 
white, or faintly yellow, hard mass consisting of diphenylarsinic acid 
and some diphenylarsineoxide. With bromine or iodine it yields the 
corresponding halogenated diphenylarsine: * 


(CoH oARH She, Oe (OLE) dex oe EEe 


When heated for three hours at 295° it decomposes according to the 
equations: 

6(C.H;),AsH ——» 4(C,H;),As + 2As + 3H, 

2(CsHs) sAs ——> 3C,.H,. + 2As.?% 


2. Secondary Halogenated, Cyano and Thiocyano Arsines, R,AsX, 
R,AsCN, R,AsCNS.—The secondary aromatic halogenated arsines are 
of particular importance because they serve as the starting materials 
for the preparation of many other arsenicals as, for example, diaryl 
arsineoxides, -arsinic acids, -cyanoarsines, esters of diarylarsenious acids 
or diarylarsinetrihalides. During the recent war diphenylchloro- and 
cyanoarsines were manufactured on a large scale for military purposes. 
The English method of preparing the chloro compound depended upon 
the interaction of diphenylamine and arsenic trichloride, while accord- 
ing to the German procedure aniline was converted into benzene dia- 
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zonium chloride, the latter condensed with sodium arsenite to disodium 
phenylarsonate, which in turn was reduced to phenylarsenious acid by 
means of sodium sulfite. By condensing this arsenious acid with benzene 
diazonium chloride, diphenylarsinic acid was obtained, which on reduc- 
tion with sulfur dioxide in hydrochloric acid solution yielded dipheny]- 
chloroarsine. 

In addition to the above methods, the purely aromatic or aromatic- 
aliphatic secondary halogenated arsines may be obtained: 

1. On heating triarylarsine dihalides at 160-200°, or by distilling 
under reduced pressure: 


Fyne LeAGX “oRX 


If the tertiary arsinedihalide contains one aryl and two alkyl radicals 
there is formed an aromatic-aliphatic halogenated arsine together with 
one molecule of alkyl halide. 

2. From secondary arsineoxides by heating with concentrated haloid 
acids: 

[R,As],.0 + 2HX ——-> 2R,AsX + H,0. 
3. By heating aryl dihalogenated arsines with mercury diaryls: 
2RAsX, + Hg R’, ——~> 2RR’AsX + HeX,. 


4. When tetraaryldiarsines are treated with halogens in the pres- 
ence of a solvent such as benzene: 


R,As — AsR, + X, —— 2R,AsX. 

5. From triarylarsines and arsenic trihalides at high temperatures: 

2R,As + AsX,; —— 3R.AsX. 

In this method a dihalogenated arsine is also obtained, a portion of 
which may react with the tertiary arsine to form the secondary com- 
pound: 

R,As + RAsX, ——~> 2R,AsX. 


6. When arylmagnesium halides react with arsenic trihalides accord- 
ing to the equation: 


2RMexX + AsX, —— R,AsX + 2MgX,. 
7. By the interaction of iodine with secondary arsines: 
R,AsH + I, —~> R,AsI + HI. 


8. Upon reducing arsinic acids with concentrated hydriodic acid and 
red phosphorus. 

9. For the preparation of aromatic-aliphatic halogenated arsines, 
aryl arsineoxides are treated with alkyl halides in alcoholic sodium 
hydroxide solution, acidified, potassium iodide added, and the whole 
saturated with sulfur dioxide. 
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The unsubstituted halogenated compounds are practically all color- 
less or yellow, transparent, oily liquids which are very irritating to the 
nasal mucous membrane. They are generally insoluble in water, soluble 
in organic solvents, and are converted into the corresponding arsineoxides 
by means of alkalis—very slowly in aqueous solution but much 
more rapidly in alcoholic medium. With halogens they combine to form 
the corresponding diarylarsinetrihalides. When heated with alkyl iodides 
in a sealed tube, dialkyldiarylarsonium triiodides are produced: 


R.AsX + 2R’X —— R.R’,AsX;. 


They react with sodium alkoxides forming arylalkoxyhalogenated 
arsines: 


R,AsX + NaOR’ ——> R(R’O)AsX (R=an aryl and R’ an 
alkyl radical). 


The nuclear substituted halogenated arsines are crystalline solids 
possessing the same general properties as the unsubstituted derivatives, 
except that they react more readily with aqueous alkalis, forming either 
the arsineoxide or the alkali salt of diarylarsenious acid: 


2R,Ask —-- Na,CO, — > (R,As).0 + 2Nax + CO, 
R,AsX + 2NaOH — > R.AsONa + NaX + H.O. 


The secondary aromatic cyano- and thiocyanoarsines are closely 
related to the halogenated arsines, from which they can be readily 
obtained by treatment with alkali cyanides and thiocyanides respectively. 
Mixed aliphatic-aromatic cyanoarsines may also be prepared by decom- 
posing aryldialkylarsine cyanobromides, the smallest alkyl group 
splitting off with the halogen, e. g., 


(CeH;) (CH) (C.H;)As.CN.Br —— (C,H;) (C:H;)As.CN + CH,Br. 


Both the cyano- and thiocyano- compounds are characterized by the 
readiness with which the -CN and -CNS radicals may be eliminated by 
the action of water. 


‘Phenylmethylchloroarsine, (Co>H;) (CHs)AsCl, is prepared by heating 
phenyldimethylarsine dichloride in an oil-bath at 180° for one-half 
hour,’*' or from phenylmethyliodoarsine by treating with a calculated 
amount of caustic soda, and shaking the resulting arsineoxide repeatedly 
with small quantities of concentrated hydrochloric acid.7*? It is a pale 
yellow liquid resembling phenyldichloroarsine both in appearance and 
physiological properties, and boiling at 229-32°, 113.5°/14 mm. When 
heated with methyl iodide in a sealed tube at 100° for two hours, it 
forms phenyltrimethylarsonium triiodide.** 
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Phenylmethylbromoarsine, similarly prepared from phenyldimethyl- 
arsine dibromide, is a colorless liquid, b. p. 250°.7°4 


Phenylmethyliodoarsine—Upon the addition of methyl iodide to a 
well-cooled solution of phenylarsineoxide in alcoholic sodium hydroxide, 
a vigorous reaction occurs, which is allowed to proceed to completion 
over night. The reaction mixture is then acidified, the alcohol removed 
by distillation, potassium iodide added, and the whole saturated with 
sulfur dioxide, when the iodoarsine separates as a dark oil which is 
purified by drying over calcium chloride and subsequently distilling.’ 
Another method of preparation consists in adding methyl iodide to a 
solution of phenyldichloroarsine in alcoholic sodium hydroxide and per- 
mitting the reaction to continue for 24 hours. The product is then 
neutralized with hydrochloric acid, filtered to remove any sodium 
chloride, and the alcohol in the filtrate distilled off. Finally, the residue 
is dissolved in water, acidified with hydrochloric acid and saturated with 
sulfur dioxide.*®*° It may also be obtained by gradually adding phenyl- 
methylchloroarsine to a solution of sodium iodide in dry acetone.7% 
The compound is a golden-yellow, oily liquid, b. p. 138-40°/12 mm., 
143-4°/17-8 mm.; soluble in organic solvents but not in water. Heated 
with methyl iodide in a sealed ‘tube at 100° for two hours, it forms 
phenyltrimethylarsonium triiodide. 


Phenylethylchloroarsine, (C.H;) (C:H;)AsCl, prepared from phenyl- 
diethylarsine dichloride by heating at 160-80° for twenty minutes in an 
open flask, is a colorless, highly refractive liquid, b. p. 249° with decom- 
position.**° 

The corresponding bromoarsine is obtained when phenyldiethylarsine 
dibromide is heated at 200° in a current of carbon dioxide. It is a 
practically colorless liquid which upon distillation under atmospheric 
pressure decomposes to a black tar.‘*° 


Phenylethorychloroarsine, (C.H;) (C.H;O0) AsCl.—Sodium ethoxide is 
gradually added to phenyldichloroarsine, and the mixture heated on the 
water-bath for two and one-half hours: 


C,H, AsCl + NaOC,H; ——> (C.H;) (C,H;0) AsCl + NaCl. 


The product is a colorless oil boiling at 125-6°/12 mm., and gradually 
hydrolyzing in water to a white solid which crystallizes from petroleum 
in needles, m. p. 127-30°. It is interesting to note that this product has 
a higher melting point than that ascribed to phenylarsineoxide."° 


Diphenylchloroarsine, (CoHs)2AsCl—Mercury diphenyl 1s heated 
with an excess of phenyldichloroarsine in a reflux apparatus on a sand 
bath at 320° for 5-10 minutes, and the resulting dark liquid decanted 
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and fractionated. The fraction boiling above 300° is maintained in a 
current of carbon dioxide at a temperature slightly below its boiling 
point for some time to insure the complete removal of any unchanged 
phenyldichloroarsine. The greater part of the remaining liquid distills 
over at 333° and consists of pure diphenylchloroarsine.**” “°° The same 
product results upon converting triphenylarsine into its dichloride, dis- 
tilling under 13-14 mm. pressure, and separating the diphenylchloroarsine 
and chlorobenzene by fractionation.”*® It is also obtained, together 
with phenyldichloroarsine, by heating triphenylarsine with arsenic tri- 
chloride at temperatures ranging between 250 and 350° under atmos- 
pheric pressure: “*® 7 


fl (C,H;),As + 2AsCl, —— 3C,H;AsCl, 
5 (CH) Ae AcCl, = 3(C,7) eC 
GRAS, 2.(CEy\aha ees 2 (Ct, | Aace 


Other methods consist in gradually adding phenylmagnesium bromide 
to a large excess of arsenic trichloride in the presence of ether,’*? or in 
treating diphenylarsineoxide with hydrochloric acid.*** 7 

The following procedure for large scale production was developed 
’ in Germany during the recent war. Aniline is dissolved in the requisite 
amount of hydrochloric acid, diazotized with sodium nitrite at 0-5°, and 
the resulting benzene diazonium chloride converted into disodium pheny]- 
arsonate by condensation with sodium arsenite: 


C.HeN.C! + Na;AsQOz ee C,H;AsO,Na. + NaCl a NG 


This is first transformed into the free arsonic acid by neutralization 
with hydrochloric acid, and then reduced to phenyldihydroxyarsine 
(phenylarsenious acid) by means of sodium sulfite: 


C,H,AsO,H, + Na,SO, —> C,H,As(OH). + Na.SO,. 


After dissolving in caustic soda, the dihydroxyarsine is condensed with 
benzene diazonium chloride to form the sodium salt of diphenylarsinic 
acid, which is then neutralized with hydrochloric acid, yielding the free 
arsinic acid: 


C.H;As(ONa), + CsH;N,Cl ——~ (C.H;).AsO.ONa + NaCl-+ Naz. 


By dissolving in three volumes of hydrochloric acid and introducing an 
excess of sulfur dioxide, the diphenylarsinic acid is converted into the 
chloroarsine, with the intermediate formation of the arsineoxide: 


(2(C,H,),AsO.OH + 280, + H.O — > [(G,Hi)2As],0 + 2H.c0,, 
V{(C.H,),A81,.0 <- SHC! <>. 2(G,H, sash. 


The oily product is finally heated under reduced pressure to remove 
moisture and hydrochloric acid.74 
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The English method of preparation originally consisted in heating 
diphenylamine with arsenic trichloride, but this procedure was subse- 
quently improved so that arsenic trioxide could be employed instead of 
the trichloride. Fused diphenylamine is first converted into the hydro- 
chloride by heating with 1.1 moles of hydrochloric acid (d, 1.18) with 
continuous agitation until the water has been almost entirely eliminated, 
and the residual white powder dried at 50-60° and fused with arsenic 
trioxide, while stirring continuously. When fusion is complete, the heat- 
ing and stirring are continued for four more hours, during which time 
the temperature gradually rises to 200°. The reaction is regarded as 
completed when the evolution of water vapor ceases.74¢ 

Diphenylchloroarsine is a pale yellow, oily liquid, b. p. 333° in a 
current of carbon dioxide, 230°/13-14 mm.; d, 1.42231/15°; does not 
fume in air, and has a faint odor at ordinary temperature which becomes 
very irritating when heated. According to Norris, however, it has a 
disagreeable odor, causing sneezing and temporary illness.7* It is solu- 
ble in absolute alcohol, ether or benzene, difficultly in aqueous caustic 
alkalis and insoluble in water, ammonia or sodium carbonate solution. 
With chlorine or bromine it combines additively, forming the corre- 
sponding diphenylarsinetrihalides, while continued boiling with concen-* 
trated nitric acid oxidizes it to diphenylarsinic acid. Heated with 
methyl iodide in a sealed tube at 100° for three hours, the chloroarsine 
yields diphenyldimethylarsonium triiodide and diphenyliodoarsine."*? 


Diphenylbromoarsine is made from the corresponding arsineoxide by 
heating with fuming hydrobromic acid in a sealed tube,’** 4% 7° or by 
heating triphenylarsine with arsenic tribromide at 300-50° for three 
hours.7#° According to LaCoste and Michaelis it is a yellow, oily liquid 
boiling at 356°, but both Pope and Steinkopf claim it to be a practically 
colorless crystalline solid melting at 54-6°. Heated with methyl iodide . 
for six hours at 100° it yields methyl bromide, diphenyliodoarsine and 
diphenyldimethylarsonium triiodide. 


Diphenyliodoarsine was first obtained as a deep red olive by Dehn,’** 
who heated diphenylarsine in a sealed tube with slightly less than two 
moles of iodine in ethereal solution. More recently it has been pre- 
pared by heating diphenylarsineoxide with fuming hydriodic acid in a 
sealed tube for two hours at 100°; also from triphenylarsine by heating 
with arsenic triiodide at 350-60° for six hours.74° Another method con- 
sists in adding diphenylchloroarsine to an anhydrous acetone solution 
of sodium iodide, allowing to stand for 24 hours, filtering off the sodium 
chloride, and removing the solvent from the filtrate by evaporation. 
The residual oil is taken up with ether, filtered, the solvent evaporated 
off from the filtrate, and crystallization effected by adding a few crystals 


of pure diphenyliodoarsine.*”° 
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According to Pope the compound crystallizes from benzene in 
yellow crystalline scales, m. p. 45-6°; b. p. 204-18°/18 mm., while 
Steinkopf’s product °° crystallizes from absolute alcohol in lustrous, 
yellow, transparent, hexagonal crystals, m. p. 40.5°; readily soluble in 
ether, acetone, benzene, chloroform, carbon bisulfide or carbon tetra- 
chloride and insoluble in water. Heated with methyl iodide in a sealed 
tube at 100° for five hours, it forms diphenyldimethylarsonium triiodide. 


Phenyl-p-tolylchloroarsine, (CsH;) [C.H,(CH,;) ] AsCl—On boiling a 
mixture of 30 g. of mercury-di-p-tolyl and 180 g. of phenyldichloroarsine 
for five hours, cooling and mixing the decanted, supernatant liquid with 
anhydrous petroleum ether, there occurs a separation of mercury-p- 
tolyl-chloride as a dark brown oil which subsequently solidifies. This 
is filtered off, the filtrate first warmed on a steam-bath to remove 
petroleum ether, and then subjected to fractional distillation in a current 
of carbon dioxide, the unchanged phenyldichloroarsine distilling over up 
to 800°. In order to prevent decomposition, the secondary chloroarsine 
is then obtained by continuing the distillation under reduced pressure— 
at 29 mm. it distills between 215 and 237°, at 50 mm. between 215 and 
°240°. It is a colorless, oily, non-fuming liquid unaffected by moisture. 
With chlorine it forms the corresponding arsinetrichloride; with alcoholic 
potash, the arsineoxide.”*? 


Di- (p-tolyl) chloroarsine, (CH 3.CeH,),AsCl, is made by boiling 
mercurydi-p-tolyl with 3-4 parts of 4-methylphenyldichloroarsine in a 
reflux apparatus,’°* or by distilling tri-p-tolylarsine dichloride under 
reduced pressure.”** According to Michaelis the product consists of 
colorless crystals, m. p. 45°; b. p. 340-5°, while according to LaCoste 
it is a pale yellow oil which cannot be crystallized. With dry chlorine 
it forms the arsinetrichloride. 


Di-a-naphthylchloroarsine, (CioH;)2AsCl, is obtained by gradually 
adding a-naphthylmagnesium bromide to a large excess of arsenic tri- 
chloride in the presence of ether.7*? 


Di(3-mtrophenyl) chloroarsine, (O2N.C gH,),AsCl.—Chlorine is intro- 
duced into a suspension of tetra (3-nitrophenyl) diarsine in benzene until 
complete solution results, and the unstable di(nitropheny]) arsinetrichlo- 
ride thus obtained converted into the chloroarsine by mixing with an 
excess of the above diarsine. It forms pale yellow needles, m. p. 112°; 
readily soluble in benzene or chloroform, sparingly in ether, and yields 
the corresponding hydroxyarsine on boiling with water. The chloro- 
arsine readily dissolves in alkalis, excepting ammonia, forming salts of 
di(nitrophenyl) arsenious acid.*** 
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Di(3-nitrophenyl) bromoarsine, prepared like the chloro compound, 
consists of colorless transparent leaflets, m. p. 93°. With bromine in 
benzene solution it forms the corresponding arsinetribromide."** 


Di(3-aminophenyl) chloroarsine hydrochloride, 
(CHCILHLN) C.Ha),AsCl. 
Obtained from the corresponding arsineoxide by treatment with con- 
centrated hydrochloric acid. It forms colorless needles extremely soluble 


in water, and is converted into the arsineoxide by means of sodium car- 
bonate.7°5 


Di(4-methoxyphenyl) chloroarsine, | Di-p-anisylchloroarsine |, 
(CH,0.C,H,) .AsCl, 


from the corresponding arsineoxide by treating with concentrated hydro- 
chloric acid, crystallizes from ether in pale yellow needles, m. p. 79-80° ; 
readily soluble in ether, less so in alcohol. It is converted into the 
arsineoxide by caustic soda.7°° 

The corresponding iodoarsine*® is a heavy red oil obtained by 
warming tri-p-anisylarsine with hydriodic acid (d, 1.56): 


(CH;,O.C.H,);As + HI —~ (CH,0.C,H,).AsI + C.H;.OCHs. 


Di(4-carboxypheny!)iodoarsine [Di-p-benzarsenious iodide}, 
(HOOC.C,H,).AslI, 


prepared by heating the corresponding arsinic acid with concentrated 
hydriodic acid and red phosphorus, is a yellowish-white, ill-defined 
crystalline mass melting above 280°; soluble in alcohol, ether or chloro- 
form. When boiled with water it decomposes yielding hydriodic acid.7°" 


Di(3-amino-4-hydroxyphenyl) chloroarsine hydrochloride, 
[ (HCl.H.N) (HO) C,H,],AsCl. 


Di(3-nitro-4-hydroxypheny])arsinic acid is dissolved in dilute caustic 
soda, reduced with sodium hydrosulfite at 60° in an atmosphere of 
carbon dioxide, and the resulting gray powder dissolved in methyl 
alcohol-hydrochloric acid, filtered and finally reprecipitated with con- 
centrated hydrochloric acid. The above salt forms lustrous leaflets, 
m. p. 215°; readily soluble in water or methyl alcohol, sparingly in 
concentrated hydrochloric acid.*°* 
C.H; 
Phenylchloroarsinoacetic acid, NAsCl, is made by dis- 


. HOOCCH, >, Bi 
solving phenylarsinoacetic acid in concentrated hydrochloric acid, adding 
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a few crystals of potassium iodide and saturating with sulfur dioxide. 

It crystallizes in plates melting at 102-3°, and yields phenyldichloro- 

arsine with phosphorus pentachloride in chloroform solution. The cor- 

responding bromo compound, similarly prepared by employing hydro- 

bromic acid, melts at 113-14°.7°° 

CoH. 

Phenylbromoarsinoacetanilide, SAsBr, is prepared 
C.H;NH.COCH, 


from phenylarsinoacetanilide like the preceding compound. After recrys- 
tallization from methyl alcohol it melts at 108-10°.*°° 


Phenylethylcyanoarsine, (CgH;) (C.H;)As.CN, results upon heating 
phenylmethylethylarsine with cyanogen bromide. The corresponding 
arsine cyanobromide forms at first, but is immediately decomposed into 
methyl bromide and the above cyanoarsine, b. p. 148-50°/23 mm.**" 


Phenyl-n-propylcyanoarsine, similarly prepared from phenylmethyl- 
n-propylarsine, boils at 150-55°/20 mm."*" 


Diphenylcyanoarsine, (C>H;),As.CN, was manufactured on a large 
scale in Germany by vigorously stirring dephenylchloroarsine with a 
saturated aqueous solution of sodium or potassium cyanide at 60°: 7° 

(C.H;),AsCl + NaCN —~+ (C,H;).As.CN + NaCl. 
It may also be obtained from diphenylarsineoxide by treating with 
anhydrous hydrocyanic acid either at ordinary temperature,’®® or by 
heating in a sealed tube at 100° for two hours; *** or by allowing it to 
react with 90 per cent hydrocyanic acid for 24 hours.* 
[ (C.H;) .As].0 + 2HCN —-> 2(C,H;).As.CN + H.O. 

Other methods consist in heating diphenylethoxyarsine in a current 
of dry hydrocyanic acid at 140° for three hours; *** heating diphenyl- 
chloroarsine with an excess of freshly prepared, dry silver cyanide at 
150-60° for three hours: 

(C.Hs;),AsCl + AgCN —— (C,.H;).,As.CN + AgCl; 


heating diphenylarsinesulfide with mercuric cyanide at 160-200° or with 
silver cyanide at 160°: 


[(CoH,).As].S + |Hg(CN), —> 2(C.H,).As.CN + | HeS 
|2AgCN 1Ag.S, 


or reacting tetraphenyldiarsine with mercuric cyanide at 250°; 7 


(CoHs)2As —As(C.H,)2 + Hg(CN), —> 2(CH,),As.CN + He. 
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The cyanoarsine crystallizes in almost colorless plates, m. p. 35° 
(Sturniolo), 30-4° (McKenzie), 28-30° (Morgan), 31.5° (Steinkopf) ; 
b. p. 200-1°/13.5 mm. (Steinkopf), 213°/21 mm. (McKenzie). It pos- 
sesses an odor resembling both garlic and bitter almonds, and is very 
irritating to the nasal mucous membrane, inducing sneezing. Moist air 
attacks it hberating hydrocyaniec acid. It is converted into the corre- 
sponding arsineoxide by distilling either in a current of steam or under 
reduced pressure (100 mm.), by heating with water, or by treating with 
caustic alkalis. Heating with concentrated nitric acid on a water-bath, 
or treatment at ordinary temperature with either hydrogen peroxide 
(2 per cent) or bromine water, causes oxidation of the cyanoarsine to 
diphenylarsinic acid.7°° On passing chlorine into a benzene solution of 
the cyanoarsine, a solid, probably [(C.H;)2AsCl.].0, is obtained which 
fumes in air, melts indefinitely at about 115°, and dissolves in boiling 
water, yielding needles of diphenylarsinic acid upon cooling. From the 
filtrate of the above oxychloride a crystalline deposit of diphenyleyano- 
arsine dichloride, (C.H;).As.CN.Cl., m. p. 130-3°, is gradually formed. 
When heated with methyl iodide in a sealed tube at 100° for six hours 
the cyanoarsine yields diphenyldimethylarsonium iodide and -triiodide, 
together with a very slight amount of an unidentified compound melting 
at 160-8°. 


Diphenylarsinoformamide, (C.H;).As.CONH,, is precipitated upon 
thoroughly shaking diphenyleyanoarsine with dilute hydrogen peroxide, 
rendering alkaline and gently warming: 


(C,H;).As.CN + H.O, —— (C,.H;),As.CONH, + O. 


By diazotizing in dilute sulfuric acid and warming the resulting solution, 
it is converted into diphenylarsinoformic acid, (C,H;),As.COOH: 


(C.H,).As. CONH, + HNO, —> (C,H,),As.COOH + N, + H.0. 


The latter may be also obtained directly from diphenyleyanoarsine 
by boiling for 12 hours with 1:1 sulfuric acid, cooling and isolating 
through the barium salt.?** 


Diphenylthiocyanoarsine, (C.H;),As.CNS. — The corresponding 
chloroarsine is allowed to react with sodium thiocyanate in acetone solu- 
tion for about thirty minutes and then worked up like cacodyl thio- 
cyanate. It is a liquid with a faint brown color, probably due to slight 
decomposition; b. p. 230-3°/22-3 mm.; miscible in all proportions with 
benzene or acetone. Water causes the elimination of the CNS radical, 
leaving an unidentified solid.“! By heating with methyl iodide in a 
sealed tube at 100° for six hours, the thiocyanoarsine yields diphenyl- 
dimethylarsonium triiodide and diphenyliodoarsine.’** 
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3. Diaryl Arsineovides and Hydroxyarsines (Diaryl Arsenious 
Acids), (RsAs)o.0 and R.AS.OH—The compounds described in this 
chapter are more stable than the corresponding aliphatic derivatives 
due to the presence of the more negative aryl radicals. Although the 
unsubstituted hydroxyarsines, with the exception of the dibenzyl com- 
pound, can only be isolated in the form of esters, stable derivatives may 
be obtained by introducing into the ring negative substituents, such as 
nitro or carboxyl groups. Both the arsineoxides and hydroxyarsines are 
generally crystalline compounds, with the exception of methylphenyl- 
and phenyl-p-tolylarsineoxides, which are liquids. They are insoluble 
in water, and are converted into the corresponding monohalogenated 
arsines by concentrated haloid acids. The oxides result from the inter- 
action of diary] monohalogenated arsines and alkalis: 


2R.Asx + 2KOH —— (R.As),0 + 2KX + HO (X = a halogen atom). 


The hydroxyarsines may be obtained either by the same method accord- 
ing to the equation: 

R,Asx + KOH ——> R.As.OH + KX (when R contains negative 
substituents), or by the mild reduction of the corresponding diary] 
arsinic acids: 

R,AsO.OH + H, ——> R.As.OH + H.O. 


Phenylmethylarsineoxide, | (CeH;) (CH;)As].0, results upon warm- 
ing the corresponding bromoarsine with potassium hydroxide in alcoholic 
solution. It is a practically colorless, strongly refractive oil, b. p. 94°/11 
mm.; soluble in alcohol and only very slightly so in water.7°s 


Diphenylarsineoxide, [(CsH;),As],0—Prepared by warming di- 
phenylchloroarsine with either alcoholic potash,*®® or aqueous sodium 
hydroxide; 77° or from phenylmagnesium bromide and arsenic trioxide 
in ether medium.* It crystallizes in warty aggregates melting at 91-2° 
(LaCoste), 89-91° (Pope), 92.5-93.5° (McKenzie), and volatilizing at 
higher temperatures with partial decomposition. It combines additively 
with chlorine, forming the corresponding oxychloride, while with phos- 
phorous acid in alcoholic solution it yields tetraphenyldiarsine.*!! 

The ethyl ester of diphenylarsenious acid (Diphenylethoxryarsine), 
(C.H;).As.OC.H;, results upon heating diphenylehloroarsine with 
sodium ethoxide on a water-bath for one hour.7** The phenyl ester 
(Diphenylphenoxyarsine), (CsyH;),As.OC,H;, derived from sodium 
phenolate and diphenylchloroarsine in xylene solution, is a colorless 
liquid, sp. gr. 1.38113/11°; b. p. 230-1°/15 mm. It cannot be solidified 
by freezing, and, unlike the isomeric triphenylarsineoxide, is completely 
hydrolyzed by boiling water. It combines additively with halogens 
alone, in marked contrast to the corresponding phosphorus compound, 
(CoH;)2P.OC.H;, which unites with oxygen, sulfur, selenium or methyl 
iodide.*’* The free acid is too unstable to be isolated. 
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Phenyl-p-tolylarsineoxide, [CsH;(C,>H,.CH,) As].0, is a pale yellow, 
syrupy liquid which cannot be solidified. With chlorine it forms the 
corresponding oxychloride.?** 


Di-p-tolylarsineoxide, | (Cs;H,.CH;),As],0.—Colorless silky needles 
from ether melting at 98°, and yielding tri-p-tolylarsine on heating.7® 


Dibenzyl hydroxyarsine or -arsenious acid, (C >H;.CH.),As.OH, is 
obtained on warming benzylmagnesium bromide and arsenic trioxide in 
ethereal solution. It separates in the form of lustrous needles melting 
at 214° and practically insoluble in ether, but when recrystallized from 
alcohol it crystallizes in leaflets, m. p. 215-6°.74 


Di(3-nitrophenyl) hydroxyarsine or -arsenious acid, 
(O.N.C,.H,).As.OH. 


White felted needles from alcohol, m. p. 149°; prepared from the cor- 
responding chloroarsine and alkali. The compound, which reduces silver 
nitrate, is unaffected by heating at 110° for three hours, but is gradually 
decomposed with darkening at higher temperatures. Despite the stability 
of the free acid, its salts are very unstable.7® 


Di(4-nitrophenyl)arsenious acid results upon reducing the corre- 
sponding arsinic acid with hydriodic acid in glacial acetic acid solution. 
The product intumesces upon heating, is insoluble in water, alcohol or 
aqueous sodium carbonate, but readily dissolves in glacial acetic acid 
or caustic soda.77° 


Di(3-aminophenyl) arsineoxide, | (H:N.C.,H,),As].0, obtained from 
the corresponding dinitroarsinic acid by reduction with powdered iron 
and a slight amount of ferric chloride in boiling water, is insoluble in 
alkali, and yields the dihydrochloride of the corresponding chloroarsine 
with concentrated hydrochloric acid.**® 


Di(4-methoxyphenyl) arsineoxide [Di-p-anisylarsineoxide }, 
((CH,O.C,H,),A8|20, 


has been indirectly obtained from tri-p-anisylarsine by warming with 
hydriodic acid, and heating the resulting mixture of di-p-anisyliodo- 
arsine and anisole with aqueous caustic soda. When recrystallized from 
alcohol or benzene the product melts at 130°.7°° 


Di(4-carboxryphenyl) hydroxyarsine [Di-p-benzarsenious acid], 
(HOOC.C,H,),As.OH, 


is a white crystalline precipitate obtained by dissolving the correspond- 
ing iodoarsine in aqueous sodium carbonate and precipitating with 
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hydrochloric acid. It is readily soluble in alcohol but sparingly in 
water or dilute mineral acids. Its calcium salt, 


HO. As[ (CsH,.COO),]Ca.2H,0, 


is a white pulverulent precipitate."”" 

4. Diaryl Arsinesulfides, (R.As).S.—Compounds of this type may 
be prepared: 

1. From diaryl monohalogenated arsines by treatment with sodium 
sulfide, hydrogen sulfide, or sodium hydrosulfide, 


oR AsX - HS —=s (RAs) 8 4 2H x, 


2. By the action of hydrogen sulfide upon the corresponding arsine- 
oxides, 
(R,As).0 + H.S ——> (R.As).S + H.O. 


3. By treating arsinic acids with ammonium sulfide and subse- 
quently acidifying, e. g., 


(O.N.C.H,)AsO.ONH,-+8(NH,).8 ——> (H,N.C,H,).AsS.SNH, + 
6H,O + 68 + 16NH, 


2(H.N.C,H,),As$.SNH, + 2HC] —> [(H.N.C,H,).As].8 + 
L 2NH,Cl + HS + &. 


4. From tetraaryldiarsines by combining with sulfur, 


R,As — AsR, + 8 ——> (R.<As).S. 


With the exception of the oily phenyl-p-tolyl compound, they are 
generally crystalline solids which are decomposed by concentrated haloid 
acids, yielding the corresponding monohalogenated arsines and hydrogen 


sulfide. 


Diphenylarsinesulfide, |(CyH;).As|.8.—Obtained by passing hydro- 
gen sulfide through an alcoholic solution of diphenylarsineoxide or 
-chloroarsine; 7° also by treating the latter with either sodium sulfide 778 
or sodium hydrosulfide.7° It crystallizes from aleohol in colorless, silky 
needles, m. p. 64-7°; easily soluble in benzene, chloroform or carbon 
bisulfide, less so in alcohol, ether or glacial acetic acid and insoluble in 
alkalis or alkali monosulfides. With concentrated hydrochloric acid 
diphenylchloroarsine and hydrogen sulfide are obtained. 


Phenyl-p-tolylarsinesulfide, |CyH;(CHs.CoH,) As].8, is a viscid oil 
which cannot be solidified.’*° 


Di(3-nitrophenyl) arsinesulfide, | (O.N.CsH,).As|.8—Warty aggre- 
gates of yellow needles, m. p. 156°; obtained by boiling an excess of 
tetra (3-nitrophenyl) diarsine with a benzene solution of sulfur.784 
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Di(3-aminophenyl) arsinesulfide, { (H.N.CjH,),As],S—Obtained by 
passing hydrogen sulfide through a strongly ammoniacal solution of 
di(3-nitrophenyl)arsinic acid, and subsequently acidifying with hydro- 
chloric acid. After filtering and rendering ammoniacal, the sulfide 
separates as a white precipitate melting at 110° and forming soluble 
salts with acids. With bromine it forms bis(di- or tribromoamino- 
phenyl)arsinic acid, depending upon the temperature. The sulfate, 
L(HZN.C,H,)As].5.2H.SO0,, crystallizes in snow-white leaflets.™*+ 


Di(3-acetylaminophenyl) arsinesulfide, [| (CH,COHN.C,H,).As].8, is 
prepared by acetylating the preceding compound. It melts at 175°, is 
. readily soluble in alcohol and insoluble in ether.’#4 


Tetraphenyldiarsinedisulfide, |(CoH;),As].8., is obtained from 
diphenylarsinie acid either by saturating its ammoniacal solution with 
hydrogen sulfide and acidifying with hydrochloric acid, or by treating 
‘its glacial acetic acid solution with hydrogen sulfide.’** It crystallizes 
from alcohol in white leaflets sintering at 60°, melting at 110°, and dis- 
solving readily in yellow ammonium sulfide with the probable formation 
of ammonium diphenylthioarsinate. Its behavior with organic solvents 
is similar to that of diphenylarsinesulfide. 


Tetra(3-nitrophenyl) diarsinetrisulfide, [(O.N.CgH,).As].8;, is a 
yellow powder, m. p. 69°; obtained by boiling a suspension of the tetra- 
(nitropheny]) diarsine in benzene with an excess of sulfur.7°? 


5. Aromatic Cacodyls, R.As — AsR,.—The derivatives of this group 
are less reactive than the corresponding members of the aliphatic series, 
and are chiefly prepared by reducing secondary aromatic arsineoxides 
or arsinic acids with phosphorous or hypophosphorous acid: 


(R,As),0 + H,PO, —~ R,As — AsR, + H,PO, 
2R.AsO.OH + 3H,PO, —— R.As — AsR, + 3H;PO, + H,0. 


The products are generally crystalline substances either sparingly 
soluble or entirely insoluble in the usual organic solvents. They form 
the corresponding arsineoxides with oxygen, diarylarsinetrihalides with 
halogens, and arsonium compounds with alkyl halides under pressure 
in an atmosphere of carbon dioxide. 


Symm. Diphenyldimethyldiarsine (Symm. Phenylmethylcacodyl), 


CH ve 
eyt ae 
yes ABC 
Gaur C.H; 


Upon refluxing an absolute alcoholic solution of phenylmethylarsineoxide 
with crystallized phosphorous acid, the diarsine separates as an oil which 
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soon solidifies to crystals stable in air and melting at 70°. With methyl 
iodide or bromide in a sealed tube filled with carbon dioxide it forms the 
corresponding phenyltrimethylarsonium halide.*** 


Tetraphenyldiarsine (Phenylcacodyl), (CsH;)2As—As(CeHs)2, is 
prepared by refluxing alcoholic diphenylarsineoxide with an excess of 
phosphorous acid; 78° by heating alcoholic diphenylarsinic acid with 
a large excess of the same reducing agent in a sealed tube for ten hours 
at 100°; 744 or by stirring diphenylchloroarsine with phosphorous acid 
at 100°.778 It forms either a white, crystalline mass or elongated needles, 
m. p. 135°; slightly soluble in alcohol, less so in ether, and rapidly oxidiz- 
ing in air either to the anhydride of diphenylarsinic acid, (C,H;).sAs.Oz, 
or diphenylarsineoxide. With chlorine the diarsine forms diphenylar- 
sinetrichloride; with methyl iodide in a sealed tube filled with carbon 
dioxide, diphenyldimethylarsonium iodide and diphenyliodoarsine are 
obtained, while upon dry distillation it decomposes into triphenylarsine 
and free arsenic: 


3(C.oH;)4As, —— 4(C.H;),As + Aso. 


Tetra (3-nitrophenyl) diarsine, (O,NCsH,).As — As(CgH,NO,)2, results 
upon reducing di(3-nitrophenyl) arsinic acid with a slight excess of phos- 
phorous acid in boiling glacial acetic acid, and separates in glistening 
leaflets melting at 200° and intumescing at higher temperatures. It is 
insoluble in the ordinary solvents; combines readily with chlorine bro- 
mine or sulfur, and on boiling with a large excess of the latter in benzene 
medium, is converted into tetra (3-nitropheny]) diarsinetrisulfide.*** 


Tetra(3-aminophenyl) diarsine, (H2N.C yH,).As — As(C.H,.NH,)., 
is derived from the corresponding dinitroarsinic acid either by reduction 
with tin and hydrochloric acid at 60°,**° or with phosphorous acid in 
boiling glacial acetic acid solution.’*® In the latter method the above 
diarsine is obtained as the acetate together with the corresponding tetra- 
acetyl derivative, separation being effected by pouring the cold reaction 
mixture into water, filtering off the insoluble yellow acetyl compound, 
and neutralizing the filtrate with dilute caustic soda, whereupon the 
free diarsine separates as white flakes which readily turn gray. It can- 
not be obtained crystalline. 

The tetraacetyl derivative, 


(CH,COHN.C,H,),4s — As(C.H,. NHCOCH,)., 


is more stable than the corresponding amino compound, and can be pre- 
cipitated from glacial acetic acid or alcoholic solution by the addition 
of water, forming a white powder, m. p. 162°.78° 
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Di(8-amino-4-hydroxyphenyl) dimethyldiarsine, 


CH, — As ———————- As — CH, 
AS 7aS 
fi oN 
ave | | NH,. 
Wwe NO 
OH OH 
When 3-amino-4-hydroxyphenylmethylarsinic acid, 
CH, 
>AsO.OH 
(H,N) (OH)C,.H; 


is treated with hypophosphorous acid (d, 1.136) containing a little hydri- 
odic acid (d, 1.7), the diarsine separates as a hypophosphite which upon 
drying forms white crystals readily soluble in aqueous caustic alkalis 
or mineral acids, and insoluble in aqueous sodium carbonate. It yields 
a yellow diazo solution with sodium nitrate, reduces both Fehling’s 
and Tollens’ solutions, and intumesces violently when introduced into 
concentrated nitric acid. On shaking with methyl alcoholic hydrochloric 
acid, the hypophosphite is converted into the hydrochloride which may 
be precipitated by the addition of an excess of concentrated hydro- 
chloric acid. It exists as a white crystalline powder readily soluble in 
water with a neutral reaction toward Congo paper. Both the hypo- 
phosphite and the hydrochloride are irritating to the mucous mem- 
brane.7°7 


Tetra(3-amino-4-hydroxyphenyl) diarsine tetrahydrochloride, 


HCL ALN y Na alEkOAl 
aaa = 
eran ee 
= V. 
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Di(3-amino-4-hydroxyphenyl) arsinic acid is reduced like the preced- 
ing compound in an atmosphere of carbon dioxide at 60°, and the result- 
ing solution introduced into hydrochloric acid. The white precipitate 
of the tetrahydrochloride is readily soluble in water or methyl alcohol."** 
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Symm. Diphenyldiiododiarsine, C,H;As — AsC,H;. — Obtained 
paevil 
I I 
either directly by the reduction of phenyldiiodoarsine with phosphorous 
acid in alcoholic solution,®"! or by treating phenylarsineoxide with con- 
centrated hydriodic acid (d, 1.7), and then reducing in the same man- 
ner.‘#8 It is an unstable compound crystallizing in bright yellow, 
deliquescent needles readily oxidizable in air to phenyldiiodoarsine and 
phenylarsonic acid. With iodine it yields phenylduodoarsine, while with 
nitric acid oxidation to phenylarsonic acid occurs with separation of 
iodine. When heated alone it decomposes into triphenylarsine, arsenic 
triiodide and free arsenic, but with methyl iodide at 100° it forms 
4-iodophenyltrimethylarsonium iodide, and 4-iodophenyldiuodoarsine.*** 
According to Steinkopf,’** however, the products obtained in the latter 
reaction are phenyltrimethylarsonium iodide and -triuodide, together 
with phenyldiodoarsine. 


Symm. Di-m-xylyldiododiarsine, 


(CHs) 2CeH,As —= UN Onl a (GH, ) 2) 


| 
ie 


is a pale yellow, crystalline mass, m. p. 89°; obtained by adding iodine 
to an alcoholic suspension of arseno-m-xylene.*” 


Symm. Di-p-xylyldviododiarsine is similarly prepared, and melts at 
Q7° .457 


Symm. Di(4-aminophenyl) dihydroxydiarsine, 
H.N.C,H.As — AsC,H,.NHh,, 


bead 
OH OH 


consisting of pale yellow flakes, m. p. 227°, is obtained as an intermediate 
product in the reduction of 4-aminophenylarsineoxide to the arseno com- 
pound by means of sodium amalgam in methyl alcoholic solution. It 
is soluble in dilute hydrochloric acid.°*? 


C. Tertiary Derivatives. 


1. Tertiary Arsines, RzAs—TIn this chapter are included not only 
those compounds containing three aromatic radicals attached to one 
atom of arsenic, but also those of the mixed type in which both aromatic 
and aliphatic groups are present. The latter are colorless, highly refrac- 
tive liquids which can be distilled undecomposed at reduced pressure 
and in some cases even at ordinary pressure in an atmosphere of carbon 
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dioxide. They have more or less unpleasant odors, are insoluble in 
water, generally soluble in alcohol, ether or benzene, and are mostly 
neutral in reaction, only a few of them exhibiting feebly basic properties. 
They combine additively with halogens, forming compounds of the type 
R;AsX,; yield arsonium compounds with alkyl halides; and form with 
alkyl- or aryldiiodoarsines addition products of the type R,As.R’Asl.. 
In benzene the latter are completely dissociated into their constituents, 
so that upon subsequent treatment with methyl iodide an arsonium iodide 
is precipitated while the alkyl- or aryldiiodoarsine remains in solution. 

The mixed aliphatic-aromatic tertiary arsines are generally prepared: 

1. From aryldihalogenated arsines and zine dialkyls in ether medium: 


RAsX, + ZnR’, —— R’,RAs + ZnX, (X =a halogen atom). 
2. By treating aryldihalogenated arsines with alkyl magnesium 
halides in ether or ligroin: 
RAsX, + 2R’MgX — > R’,RAs + 2MgX,. 


3. From secondary monohalogenated arsines and the Grignard reagent 
in ether or benzene: 
RR’AsX + R”MgX ——> RR’R”As+ MexX,. 
4. By employing zine dialkyls in ether instead of the Grignard re- 
agent in the preceding method: 
2RR’AsX + ZnR”, — > 2RR’R”As + ZnX,. 
5. By condensing secondary halogenated arsines with an aromatic 
hydrocarbon in the presence of aluminium chloride. 
On the other hand, the purely aromatic tertiary arsines are obtained: 
1. By condensing aryl halides with arsenic trihalides by means of 
sodium in the presence of ether or xylene: 
3RX + AsX, + 6Na —— R,As + 6NaX. 
2. By employing aryl dihalogenated arsines instead of arsenic tri- 
halides in the above reaction: 
2RX + R’AsxX, + 4Na ——> R.R’As + 4NaX. 
This method is especially suitable for preparing tertiary arsines with 
mixed aromatic radicals. . 
3. Upon treating arsenic trihalides or trioxide with the Grignard 
reagent: 


3RMgxX + AsX, ——> R,As + 3MgX,. 
4. From primary aromatic arsineoxides by the action of heat: 
3RAsO —— R,As + AsO. 
5. By reducing triaryl arsineoxides with phosphorous acid in alcohol, 
or with hydrogen sulfide or nascent hydrogen in glacial acetic acid: 
R,AsO — O —— R,As. 
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The products are crystalline solids insoluble in water, more or less 
soluble in various organic solvents, and, in contradistinction to the cor- 
responding aliphatic compounds, possess no basic properties. Thus, they 
do not form salts with mineral acids unless one or more basic substitu- 
ents are present in the nucleus, in which case the acid attaches itself to 
the basic radicals. In the same way it is possible to obtain alkaline 
salts, the metal replacing the hydrogen of a nuclear carboxyl or hydroxyl 
group. The arsines form double salts with mercuric, platinic or auric 
chloride; combine additively with halogens to the corresponding triaryl- 
arsine dihalides, with sulfur to the arsine sulfides and with alkyl halides 
to the arsonium compounds. With sulfur monochloride in an indifferent 
solvent such as dry ether or carbon bisulfide, they form addition products 


Cl 
of the type RAs , which are decomposed by water to the corre- 
Soetell 


sponding triarylarsine oxides: 
R,As8.Cl, + H,O —~> R,AsO + 2HCI + 8,. 


Heating with arsenic trihalides converts the tertiary arsines into 
primary dihalogenated arsines: 


R,As + 2AsX, ——> 3RAsX,. 


Pheny!dimethylarsine, (CegH;)(CH;).As, may be obtained from 
phenyldichloroarsine by treatment with zinc dimethyl,7’® with methyl- 
magnesium bromide in anhydrous ether,’®? or with methylmagnesium 
iodide in light petroleum.*** Still more satisfactory results are obtained 
upon mixing dimethyliodoarsine, bromobenzene and magnesium in ether 
medium, allowing to stand at ordinary temperature for two hours, and 
adding ice and dilute hydrochloric acid. The ethereal layer which sepa- 
rates is dried over anhydrous sodium sulfate, the solvent removed by 
evaporation, and the residue distilled under diminished pressure,’*! when 
the arsine comes over as a colorless, refractive, moderately limpid liquid 
with an acute repulsive odor; b. p. 200°, 85°/14 mm.; soluble in alcohol 
or benzene but insoluble in water. With bromine it forms phenyl- 
dimethylarsine dibromide and with alkyl or aryl halides, arsonium 
salts. Addition products are also obtained with various inorganic 
iodides *** or organic dihalogenated arsines,’®** forming compounds of the 
types C,H; (CH;)2,As.R/I and C,H; (CH;).As.RAsI, respectively, where 
R’ represents an inorganic element and R either an alkyl or aryl radical. 

(CoH;) (CH;)2As.PI;, prepared from equimolar amounts of its con- 
stituents in carbon bisulfide medium, crystallizes in orange prisms melt- 
ing at 140° and very difficult to purify owing to the readiness with which 
it absorbs water. (CoH) (CHs).As.Asl, consists of orange-red leaflets, 
m. p. 158°, and very sparingly soluble in the usual solvents. 
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(C.H;) (CH;).As.SbI, crystallizes from benzene solution in orange 
prisms, m. p. 165°; sparingly soluble in the usual solvents. 


(Geo; )(CHs) AS . Bale 


separates from hot alcohol in very sparingly soluble vermilion prisms, 
m. p. 198-200°, while 2(C,H,;) (CH;).As.SnI, forms chocolate-colored 
leaflets, m. p. 140-5°. 

(C.H;) (CH;).As.CH;AsI., lemon-yellow needles from a mixture of 
acetone and ether, melts at 93-4°, and is completely dissociated into its 
constituents in benzene solution at concentrations up to five per cent. 
Methyl iodide in benzene solution converts it into phenyltrimethylar- 
sonium iodide and methyldiiodoarsine. (C,H;) (CH;).As.C.H,AslI. 
separates from alcohol in yellow crystals, m. p. 44°; 


(Cal) (CH) BAS 4 Gell -Asts 


in orange prisms, m. p. 69°; and (C,H;) (CH;).As.C,H,;AsCl in colorless 
needles, m. p. 36°. 


4-Methylphenyldimethylarsine, (CHs;.CeH,) (CH;).As, is obtained 
as a double zine salt by the interaction of 4-methylphenyldichloroarsine 
and zine dimethyl in ether medium. On decomposing with caustic soda 
the free arsine is liberated as a colorless liquid with an unpleasant odor; 
b. p. 220° in an atmosphere of carbon dioxide.**3 


a-Naphthyldimethylarsine, (C.oH,) (CH;).As, from dimethyliodo- 
arsine and a-napthylmagnesium bromide, is a liquid boiling at 163-5°/13 
mm. Its additive compound with methyldiiodoarsine crystallizes from 
alcohol in yellow needles, m. p. 76-7°.7%4 


Phenyldiethylarsine is prepared from phenyldichloroarsine by treat- 
ment with zine diethyl in benzene, ether *” or light petroleum medium,’*® 
or better with methylmagnesium iodide in benzene solution.” It also 
results upon heating arsenobenzene and mercury diethyl in a sealed tube 
rn BS: eae de 

C.H;As = AsC,H; + 2Hg(C.H;)22(CeH;) (C2H;).As + Hg. 

The product is a colorless, highly refractive liquid with a faint unpleas- 
ant odor, b. p. 240°, 111-15°/14 mm., and is unaffected by concentrated 
hydrochloric acid. With halogens it combines additively to the corre- 
sponding arsinedihalides, with alkyl or aryl halides to arsonium com- 
pounds, and with alkyl dihalogenated arsines to compounds like those 
mentioned under phenyldimethylarsine. The product obtained with 
methyldiiodoarsine, (C¢H;) (C2H;),As.CH;Ash, crystallizes from alcohol 
or acetone in bright yellow needles, m. p. 78-9°.'°" 


4-Methylphenyldiethylarsine, (CHs.CoH,) (C,H) 2As, prepared like 
the dimethyl compound by employing zine diethyl, is a colorless, highly 


224 ORGANIC ARSENICAL COMPOUNDS 


refractive liquid with a faint, unpleasant odor; b. p. 250°; does not 
freeze at —21°, and combines with alkyl iodides to form arsonium com- 
pounds.7°° 


4-Carboxyphenyldiethylarsine [Diethylarsinobenzoic acid], 
(HOOC..C,H,) . (C.H;)2As. 


The corresponding arsine hydroxychloride is reduced in aqueous alcoholic 
solution with tin and hydrochloric acid, and the tin precipitated as the 
oxychloride by the addition of water, whereupon the arsine separates as 
a yellow oil. This is extracted with ether, the solvent evaporated off, 
and the oily residue dissolved in dilute ammonia, from which the free 
arsine is reprecipitated by hydrochloric acid. By recrystallization from 
dilute alcohol it is obtained as fine white needles, m. p. 58°; readily 
soluble in alcohol, ether or chloroform, insoluble in water or petroleum 
ether, and is reduced by nascent hydrogen to diethylarsine and benzoic 
acid. It possesses the properties of both a tertiary arsine and an acid, 
forming addition products with mercuric chloride, halogens, sulfur or 
methyl iodide, and yielding metallic salts. Of the latter only the alkali 
derivatives are soluble in water. ‘The ammonium salt is a white crystal- 
line mass, while the neutral barium and lead salts are white precipitates. 
The mercurichloride forms white silky leaflets, m. p. 171-2°; difficultly 
soluble in water.*®® 


Phenylmethylethylarsine, (CsH;) (CHs) (C:H;)As, results upon heat- 
ing either phenylmethyhodoarsine *** or the corresponding chloroarsine °°° 
with ethylmagnesium bromide in benzene solution. It is a colorless oil 
boiling at 97°/12-13 mm., and possessing chemical and physical prop- 
erties intermediate between those of the corresponding dimethyl and 
diethyl derivatives.*** Its addition product with methyldiiodoarsine 
crystallizes from alcohol in yellow needles melting at 84°, while that 
produced with phenyldiodoarsine separates from alcohol in orange- 
yellow prisms melting at 55°.*** 


Phenylmethyl-n-propylarsine, (CsH;) (CHs;) (CsH;)As, from phenyl- 
methylchloroarsine and n-propylmagnesium bromide, is a liquid, b. p. 
105-6°/12 mm."*1 


Phenylmethyl-y-phenylpropylarsine, (C.gH;) (CHs) (CsH;.C He) As, 
results from the interaction of phenylmethyliodoarsine and y-phenyl- 
propylmagnesium bromide in ethereal solution as a colorless, highly 
refractive liquid, b. p. 208°/17 mm. With methyl iodide it forms the 
corresponding arsonium compound.**! 


Phenylmethylallylarsine, (CgH5) (CHs) (CsH;)As—When magnesium 
powder is added to a mixture of molecular quantities of phenylmethyl- 
bromoarsine and allyl iodide in dry ether, a vigorous reaction occurs 
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with the formation of the above arsine together with a slight amount of 
diallyl. The purest product obtained thus far is a colorless liquid boil- 
ing at 192°, which cannot be further purified because it undergoes slight 
decomposition upon distillation and is too feebly basic to form stabl« 
salts.8°? 


Phenylethyl-n-propylarsine, (CsH;) (C.2H;)(C;H,)As, derived from 
phenylethylbromoarsine and zine di-n-propyl in ethereal solution, is a 
colorless liquid with a characteristic odor, and boils at 245°. It has 
but feebly basic properties; is insoluble in concentrated hydrochloric 
acid, and oxidizes very slowly on exposure to air. With equimolar 
amounts of benzyl iodide at 40-50°, it combines to form phenylbenzyl- 
ethyl-n-propylarsonium iodide.® 


Diphenylmethylarsine, (C.>H;).(CH;)As, is prepared by the inter- 
action of zinc dimethyl and diphenylchloroarsine in cold benzene solution 
in an atmosphere of carbon dioxide; *°? from phenylmagnesium bromide 
and methyldiodoarsine,*** or by gently heating phenylmethylchloro- 
arsine with benzene in the presence of aluminium chloride.2*® The arsine 
is a colorless, highly refractive, oily liquid, b. p. 306°, 163-70°/15 mm.; 
readily soluble in alcohol or benzene and insoluble in water. It exhibits 
but a very slight tendency to form additive compounds. 


Di(2-methylphenyl) methylarsine, (C;H,;).(CH;)As, 1s a pale yellow 
oil, b. p. 178-82°/12 mm.; solidifies on freezing and remelts at 42°/12 
mm. It is prepared from methyldiodoarsine and o-tolylmagnesium 
bromide.®°® 


Phenylbenzylmethylarsine, (C.H;) (C,H,) (CH;)As, from phenyl- 
methylchloroarsine and benzylmagnesium bromide, boils at 174-7°/17 
mm.*°? 


Phenyl - « - napthylmethylarsine, (CaH;) (Cyol,) (CH) As, from 
phenylmethyliodoarsine and a-naphthylmagnesium bromide, is a color- 
less, crystalline solid, m. p. 58°; b. p. 236-8°/17 mm.; readily soluble in 
ether. It is best crystallized from alcohol.*° 


Diphenylethylarsine, (Ce-H;)2(C2H;)As, is a colorless liquid with a 
fruity odor; b. p. 320°, 162-3°/10 mm.; obtained from diphenylchloro- 
arsine and zinc diethyl *°’ or ethylmagnesium bromide.*°* 


Phenyl-p-tolylethylarsine, (C.H;) (C,;H,) (C.H;) As, from zine diethyl 
and phenyl-p-tolylchloroarsine, is a colorless oil ‘with a fruity odor, 
boiling at 210-25°/50 mm.°°° 


Triphenylarsine, (CsH;);As, has been the subject of many investiga- 
tions, and various methods have been developed for its preparation. 
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Very satisfactory results have been obtained from the interaction of 
phenylmagnesium bromide and either arsenic trichloride,*® " tri- 
iodide,®"* or trioxide.**? An equally satisfactory method consists in con- 
densing phenyl chloride or bromide with arsenic trichloride by means 
of sodium in an ethereal *!* #42 or xylene medium.*** It may also be 
obtained by heating triphenylarsine oxide at 180°; *® from triphenyl- 
stibine and finely powdered arsenic in a sealed tube at 350° for eight 
hours: *¢ 
4(C.H;),Sb + As; ——> 4(C.Hs)sAs + Sh; 


by heating symm. diphenyldiododiarsine: °" 
3(C.H;)2Asel, ——> 2(C,H;);As + 2AsI; + Asp; 


and as a by-product in the preparation of diphenylchloroarsine from 
phenyldichloroarsine and mercury diphenyl.**7 

The compound crystallizes from alcohol in colorless, vitreous, trans- 
parent, triclinic plates, d, 1.306; m. p. 58-60°; and boiling undecomposed 
above 360° in an atmosphere of carbon dioxide. It is readily soluble in 
ether, benzene or hot alcohol, difficultly in cold alcohol and insoluble 
in water, hydrochloric or hydriodice acids. It dissolves in ethyl iodide 
but does not form an arsonium compound even at 100°; by prolonged 
heating with arsenic trichloride in a sealed tube at 250°, phenyldichloro- 
arsine is obtained, while with phosphorus at 300° for four hours the 
corresponding phosphine is formed: 


4(C,.H;),As + Py —> 4(C.Hs)3P + AS,. 


The arsine combines additively with halogens, sulfur, methyl iodide, 
chloroacetic acid, metallic salts and sulfur monochloride. The mercuri- 
chloride, obtained from its components in alcoholic medium, separates 
from dilute solutions as nacreous leaflets, and from concentrated solu-. 
tions as white, pulverulent crystals easily soluble in hot absolute alcohol, 
less so in dilute and practically insoluble in water. It is unaffected by 
cold aqueous potassium hydroxide, but upon boiling yields triphenyl- 
arsine dihydroxide, potassium chloride and mercury. The arsine may be 
liberated from its mercurichloride by treatment with cold alcoholic 
potash, or by passing hydrogen sulfide into its alcoholic solution: 


(C.H;) As. HgCl, + 2KOH ——> (C,H,),As -+ HgO + 2KCl-+ H,O 
(C.H,) As. HgCl, + H,S —> (C.H;),As + HgS + 2HCl. 


This ability of triphenylarsine to combine with mercuric chloride can 
be utilized in separating it from diphenylchloroarsine which forms no 
such addition product.*'® The platinichloride crystallizes from alcohol 
or chloroform in pale-yellow leaflets, m. p. 285°.819 
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Cl 


The sulfur monochloride addition product, (Or kes ; 
S—S—Cl 

prepared by refluxing a dry ethereal solution of its constituents with 
the exclusion of atmospheric moisture, is a yellowish-white, crystalline 
precipitate which cannot be purified on account of its instability. It 
melts at 200°; is readily soluble in carbon bisulfide, chloroform or 
alcohol, difficultly so in petroleum ether or benzene, insoluble in ether 
and easily soluble in water with the separation of sulfur. When boiled 
with aqueous ammonia it is converted into triphenylarsine dihydroxide.*”° 


Tri(2-methylphenyl) arsine, (CsH,.CH;) As, from o-tolylmagnesium 
bromide and arsenic triiodide, crystallizes from alcohol in colorless needles 
melting at 98°.811 


Tri(3-methylphenyl) arse is prepared from m-bromo-toluene, arsenic 
trichloride and sodium in anhydrous ether. It separates from alcohol 
as white leaflets, from ether as prismatic and tabular crystals of the 
rhombic system, m. p. 96°; d, 1.31/18°; readily soluble in ether, alcohol, 
benzene or glacial acetic acid and sparingly so in ligroin. It readily 
forms arsonium compounds with alkyl iodides. The mercurichloride, 
m. p. 174°, is fairly soluble in glacial acetic acid but only sparingly 
in alcohol.®+ 


Tri(4-methylphenyl) arsine—The most convenient method of prepara- 
tion consists in adding sodium shavings or wire to a solution of 4-bromo- 
toluene and arsenic trichloride in anhydrous ether.’** It may also be 
obtained from p-tolylmagnesium bromide and arsenic trioxide in ethereal 
solution,’“* or by heating p-tolylarsine in a sealed tube at 360°,°*° 
forming large colorless crystals, m. p. 145°; b. p. above 360° without 
decomposition; readily soluble in ether, chloroform, carbon bisulfide, 
glacial acetic acid or benzene, but less so in alcohol. Its mercuri- 
chloride is a white crystalline powder, m. p. 246°; soluble in hot glacial 
acetic acid. 


Tri(4-ethylphenyl) arsine, (C.H;.C.H.),As, from 4-bromoethylben- 
zene, arsenic trichloride and metallic sodium, is a crystalline solid, 
m. p. 78°; readily soluble in ether, but sparingly in alcohol. Its mercuri- 
chloride melts at 132°.8?° 


Tribenzylarsine, (CsH;.CH:);As, results upon refluxing for 5-6 hours 
a mixture of arsenic trichloride and benzyl chloride (2 moles) in dry 
ether, to which sodium shavings (5 moles) and a small amount of pure 
ethyl acetate have been added. After cooling, another small quantity 
of ethyl acetate is added and the reaction permitted to continue for 


228 ORGANIC ARSENICAL COMPOUNDS 


12-14 hours longer, when the greater part of the arsine crystallizes out. 
The filtrate contains the remaining fraction of the arsine together with 
dibenzylarsinetrichloride and tribenzylarsine dichloride. 

The arsine crystallizes from alcohol in colorless, transparent, mono- 
clinic prisms, m. p. 104°; easily soluble in ether, benzene or glacial acetic 
acid, sparingly in cold alcohol and insoluble in water. It combines 
additively with halogens, sulfur or alkyl iodides; is oxidized by hot 
dilute nitric acid to benzoic and arsenic acids, but is unaffected by 
hydrochloric acid, even upon boiling in concentrated solution.**® The 
mercurichloride crystallizes from alcohol in white needles, m. p. 159°, 
which upon boiling with aqueous or, better, alcoholic caustic potash is 
decomposed into the arsine and mercuric oxide, while with hydrogen 
sulfide the free arsine together with a slight amount of tribenzylarsine 
sulfide is obtained.®?7 


Diphenyl-4-methylphenylarsine, (CsH;)2(C.>H,.CH,) As, results upon 
warming p-tolyldichloroarsine, bromobenzene (2 moles) and thinly sliced 
sodium in anhydrous ether for about three days. It may be obtained 
in small, transparent crystals melting at 50°, by maintaining its alcoholic 
solution at low temperatures for weeks. The mercurichloride crystallizes 
from hot glacial acetic acid and melts at 147°, while the platinichloride 
is a yellow precipitate, m. p. 233°.8?? 


Phenyldt(4-methylphenyl) arsine,  (CsH;) (C.H,.CH,),As, results 
from the interaction of phenyldichloroarsine, 4-bromotoluene (2 moles) 
and finely divided sodium in dry ether, the temperature of the reaction 
being regulated by external cooling. It crystallizes from hot alcohol 
in well-defined, white rhombohedra, m. p. 101°; easily soluble in ether, 
chloroform, benzene or hot alcohol and sparingly in cold alcohol or glacial 
acetic acid. Its mercurichloride forms white crystals melting at 210° 
and soluble in hot alcohol, while the platinichloride, 


[CoH (C,H;) oAs] 2. H,PtCl,, 
consists of yellow crystals, m. p. 256°.8?8 


Phenyldi(2,4-dimethylphenyl) arsine, (C oH;) [CsH;(CHs;)2].As, is 
similarly prepared from 4-bromo-m-xylene. It separates from alcohol- 
ether in highly refractive, triclinic crystals, m. p. 99°; readily soluble 
in most organic solvents but sparingly in cold aleohol. The mercuri- 
chloride separates from alcohol-chloroform as lustrous needles, m. p. 
224°; the platinichloride crystallizes from alcohol in yellow felted needles 
melting above 300° with decomposition.*?® 

T'ri(2,4-dumethylphenyl) arsine, {[CgH,g(CHy).]sAs, is quantitatively 
obtained by the interaction of bromo-m-xylene, arsenic trichloride and 
sodium in dry ether at ordinary temperature. Recrystallized from 
alcohol-petroleum, it forms lustrous, transparent prisms, m. p. 166°; 


TRIVALENT AROMATIC ARSENICALS 229 


easily soluble in ether, benzene or petroleum ether, but only sparingly 
in alcohol. Its mercurichloride melts at. 257°.%% 


Tri(2,5-dimethylphenyl) arsine, prepared like the preceding isomeride 
from bromo-p-xylene, crystallizes from a mixture of alcohol, petroleum 
ether and benzene in lustrous, white prisms, m. p. 157°; readily soluble 
in ether, chloroform or benzene, sparingly in alcohol or petroleum ether. 
The mercurichloride melts at 236°.8*4 


Phenyldi(2,4,5 - trimethylphenyl) arsine, (CeH;) [CeH2(CHs)5].As, 
from phenyldichloroarsine, bromopseudocumene and sodium, melts at 
138.5°; is readily soluble in most organic solvents but only sparingly 
in cold alcohol. Upon oxidation with potassium permanganate in alkaline 
solution no uniform acids are produced; this is attained only by 
heating with nitric acid in sealed tubes. The mercurichloride crystallizes 
from hot glacial acetic acid as silvery leaflets, m. p. 233°; easily soluble 
in chloroform and sparingly so in alcohol or glacial acetic acid; the 
platinichloride forms yellow rosets, m. p. 287°; readily soluble in chloro- 
form; the aurichloride, CsH;(C,H,,),.As. HAuCl,, consists of colorless 
aggregates melting at 177° to a golden yellow mass.°*” 


Tri(2,4,5-trimethylphenyl) arsine, [CoH:(CH;);],As, is obtained like 
the xylyl compounds from bromopseudocumene, the reaction being com- 
pleted by prolonged warming on a water-bath. It crystallizes in snow- 
white needles, m. p. 223°; easily soluble in warm benzene, sparingly in 
alcohol or petroleum ether and practically insoluble in ether.**? 


Tri(2,4,6-trimethylphenyl) arsine, similarly prepared from bromo- 
mesitylene by heating in a reflux apparatus for several days, forms tufts 
of prisms from hot alcohol, m. p. 170°; readily soluble in ether, chloro- 
form, or petroleum ether and sparingly in alcohol or glacial acetic 
acid.©54 


Tri(4-isopropylphenyl) arsine, [C>sH,.CH(CH,)2];As, from 4-bromo- 
cumene at ordinary temperature, separates from ether-alcohol as colorless 
prisms, m. p. 139-40°; readily soluble in ether, chloroform or hot alcohol. 
The mercurichloride consists of white needles, m. p. 243°.°*° 


Tri(tertiary-butylphenyl) arsine, [Co>H,.C(CHs3),],As.—Tertiary-bu- 
tylbromobenzene in benzene solution is refluxed with arsenic trichloride 
and metallic sodium, the filtrate concentrated to incipient crystalliza- 
tion, and the arsine completely precipitated by the addition of alcohol. 
It forms white crystals, m. p. 235°; readily soluble in benzene, chloro- 
form or carbon tetrachloride and sparingly in alcohol or ether.*** 


Tri-a-naphthylarsine, (C1 oH,),;As—To a dry ethereal solution of 
a-bromonaphthalene are added arsenic trichloride and metallic sodium, 
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the whole permitted to react at ordinary temperature in a reflux ap- 
paratus for 24 hours, and then warmed on a water-bath for 15-20 hours. 
When the reaction is completed the product is filtered, the residue 
extracted with ether, and the latter evaporated from the combined filtrate 
and extract. From the remaining dark brown, oily mass admixed tarry 
products are removed by means of ether, and the residual crude arsine 
purified by dissolving in hot benzene and reprecipitating with an equal 
volume of aleohol.8*7 More satisfactory yields are obtained by warming 
a-naphthylmagnesium bromide and arsenic trichloride in absolute ether 
for two hours on a water-bath, and subsequently decomposing with ice 
and dilute hydrochloric acid.74* *%* 

The’ arsine crystallizes from benzene-alcohol in prisms, from benzene 
in rhombic plates, m. p. 250-2°; readily soluble in carbon bisulfide or 
hot benzene, sparingly in alcohol, ether, chloroform or cold benzene and 
insoluble in petroleum ether. Unlike its f-isomer, it forms no mercuri- 
chloride. By warming with sulfur monochloride in carbon _bisulfide 
solution, it forms a crystalline addition product, m. p. 175° with de- 
composition; readily soluble in warm alcohol or chloroform and diffi- 
cultly so in ether, carbon bisulfide or benzene. 


Tri-B-naphthylarsine is prepared like its a-isomer from 6-bromonaph- 
thalene. After distilling off the ether from the filtrate, the residue is 
extracted successively with alcohol and petroleum ether to remove any 
naphthalene and tarry impurities, and the remaining crude arsine purified 
through its mercurichloride. The latter, after recrystallization from hot 
glacial acetic acid, is decomposed by hydrogen sulfide to the free arsine 
and mercuric sulfide. 

The product forms colorless crystals, m. p. 165°; readily soluble in 
benzene, carbon bisulfide or chloroform and sparingly in ether or hot 
glacial acetic acid. The mercurichloride forms leaflets, m. p. 247°.%° 


Tri(4-phenylphenyl) arsine, (CgH;.CyH,)3As, m. p. 183°, is obtained 
from 4-bromodiphenyl, arsenic trichloride and metallic sodium in ether.’*® 


Tri(3-mitrophenyl) arsine, (O.N.C,H,),As, produced by warming the 
corresponding arsineoxide with crystallized phosphorous acid in alcohol, 
is a yellow, crystalline powder, m. p. 250°; soluble in alcohol.’* 


Tri(?-chloro-3-nitrophenyl) arsine, (O.N.CgH;Cl),As, similarly pre- 
pared from the corresponding arsineoxide, is a white powder, m. p. 252°; 
readily soluble in alcohol, chloroform or glacial acetic acid.8*2 


Tri(3-nitro-4-methylphenyl) arsine, (OsN.CsH;.CH,),;As, is made 
like the previous two compounds from the arsineoxide. It crystallizes 
from alcohol in white needles, m. p. 201°; easily soluble in chloroform 
or hot alcohol. 
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3,3’-Dimitro-3”’-aminotriphenylarsine, (ONC. Ha)> (HEN. GC.H.) Ag, is 
a grayish-white solid, m. p. 205°, obtained by passing hydrogen sulfide 
through a glacial acetic acid solution of tri(3-nitrophenyl) arsine oxide.* 


Tri(3-aminophenyl) arsine, (H.N.C.H,),As, results upon reducing a 
glacial acetic acid solution of tri(3-nitrophenyl) arsine oxide with tin and 
concentrated hydrochloric acid. When the reaction is completed, the 
entire mixture is poured into water, an excess of concentrated aqueous 
caustic soda added, and the resulting curdy, white precipitate of the crude 
aminoarsine filtered off, dissolved in dilute hydrochloric acid, and treated 
with hydrogen sulfide to precipitate the last traces of tin. After neu- 
tralizing the filtrate, the resulting precipitate is further purified by 
dissolving in hot alcohol, concentrating and reprecipitating with water 
when a colorless, crystalline mass, m. p. 176°, is obtained.84¢ Michaelis, 
however, isolated the same compound by reducing the nitro arsineoxide 
as above, diluting with hydrogen sulfide water, and precipitating the 
last traces of tin with hydrogen sulfide. Upon neutralization with caustic 
soda, he obtained a white precipitate which rapidly turned gray in the 
air.P4? 

The arsine is soluble in alcohol, insoluble in water, and forms 
soluble salts with dilute mineral acids. The trihydrochloride, 


[ (HC1.H.N)C,H.],As, 


consists of pale red crystals and forms a yellow  platinichloride, 
[ (HCl.H,NC,H,);As].(PtCl,);, insoluble in cold but slightly soluble 
in hot water. The sulfate, [| (H.N.C,H,),As]..38H.SO,, is a stable sub- 
stance readily soluble in dilute hydrochloric acid but sparingly so in 
cold water. 


Tri(4-aminophenyl) arsine-—A dilute hydrochloric acid solution of 
4-aminophenylarsineoxide is boiled for a very short time, and after 
standing for several hours is poured into an excess of ice-cold caustic 
soda solution. The arsine then separates as snow-white flakes which 
erystallize from aleohol-water in lustrous, quadrangular plates, m. p. 
173-4°. The reaction, although not quantitative, is expressed by the 
equation: 

3H.N.C,H,AsO ——> (H.N.C,H,),As + As.Og. 


The compound is easily soluble in acetone, pyridine, ethyl acetate or 
glacial acetic acid, less so in methyl or ethy] alcohol, sparingly in benzene 
or chloroform and insoluble in water, ligroin or aqueous caustic soda. 
It dissolves in dilute mineral acids with the formation of crystalline 
salts.®46 


Tri(3-amino-4-methylphenyl) arsine, (H.N.C.H,.CH;);As, is pre- 
pared from the corresponding trinitro arsine or trinitro arsine oxide by 
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reducing with tin and hydrochloric acid. It crystallizes from hot alcohol 
in stable, white prisms, m. p. 198°; soluble in dilute acids and sparingly 
in cold alcohol, ether or water. The hydrochloride is precipitated by 
concentrated hydrochloric acid and forms fine white needles; the sulfate 
[(H.N.C,H,.CH,),As]2.3H.SO,, is a crystalline precipitate sparingly 
soluble in hot dilute hydrochloric acid and almost insoluble in water.*** 


Tri(3-acetylaminophenyl) arsine, (CH;COHN.C,H,);As, crystallizes 
in colorless needles, m. p. 230° (Philips), 233° (Michaelis) ; easily soluble 
in glacial acetic acid and sparingly in alcohol. It is prepared by warm- 
ing the corresponding amino compound with acetic anhydride.*** 


Tri(4-acetylaminophenyl) arsine crystallizes with one molecule of 
water when prepared by boiling the amino compound with acetic 
anhydride for one minute, then with methyl alcohol for five minutes, and 
finally precipitating by the gradual addition of water. It forms warty 
aggregates of small, white needles which lose their water of crystalliza- 
tion at 110°, melt at 170-1°, and upon further heating resolidify and 
finally remelt at 232-3°. 

An anhydrous variety may be obtained by treating the amino com- 
pound with acetic anhydride as above and allowing to stand for 24 hours. 
It crystallizes from absolute alcohol in warty aggregates of transparent 
prisms, m. p. 243°. Both modifications are soluble in glacial acetic acid, 
methyl or ethyl alcohol and insoluble in water, ether, benzene or dilute 
mineral acids. The arsine is oxidized to the corresponding arsine oxide 
by iodine in aqueous acetic acid solution containing sodium acetate.**® 


Tri(3-acetylamino-4-methylphenyl) arsine, 
(CH, GOHN -C.H,.CH;) As, 


obtained by dissolving the corresponding amino compound in acetic 
anhydride, melts at 228°.8°° 


Tri(3-benzoylaminophenyl) arsine, (CsH;COHN.C,H,);As, is a 
crystalline powder melting at 271°, insoluble in all ordinary solvents, 
and results upon warming the amino compound with benzoyl chloride.**! 


Trt (3-benzylamino-4-methylphenyl) arsine, 
(C,H,;CH,HN.C,H,.CHs) As, 


is obtained as a hydrochloride by warming the amino arsine with benzyl 
chloride.*°? 


Trt(4-dimethylaminophenyl) arsine, |(CH;)2N.CoH4],As, is precipi- 
tated as a white, caseous mass upon mixing dimethylaniline and arsenic 
trichloride at ordinary temperature, stirring the resulting syrupy mass 
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into water, and treating the filtrate with an excess of concentrated caustic 
soda. The arsine is purified by removing the excess of dimethylaniline 
with steam, dissolving the residual product. in chloroform and reprecipi- 
tating with alcohol.*** *°* It separates from hot alcohol in long, white 
needles, m. p. 240°; readily soluble in dilute acids, from which it is 
reprecipitated unchanged by alkalis. When boiled with sulfur mono- 
chloride in carbon bisulfide solution, it forms a crystalline addition 
product, m. p. 137-41°; readily soluble in chloroform, difficultly so in 
carbon bisulfide or ether, and decomposing in dilute hydrochloric acid 
with the separation of sulfur and the simultaneous formation of tri(4- 
dimethylaminophenyl)arsine oxide. With 2-nitrophenylsulfur mono- 
chloride in benzene solution the arsine combines additively, forming the 


Cl 


compound, CH NIG HAsC , which melts with 


S— C,H,.NO, 


decomposition at 201°, is easily soluble in carbon bisulfide or chloro- 
form, difficultly so in benzene, ether or alcohol, and is decomposed 
by water into the corresponding tertiary arsineoxide and di(2-nitro- 
phenyl) disulfide, (O,.N.C.H,).S..8% 


Tri(4-methoxyphenyl) arsine, (CH;0.C.H,),As—Upon adding a 
slight amount of ethyl acetate to a mixture of 4-bromoanisole, an ex- 
cess of arsenic trichloride and finely sliced sodium in ether, a vigorous 
reaction ensues, and the greater part of the arsine formed separates out 
along with sodium chloride, some unattacked sodium and metallic arsenic. 
The sodium is first removed by means of water, and the dried residue 
extracted with hot benzene from which, after concentration, the arsine 
separates in hard crystals which can be further purified from a mixture 
of benzene and alcohol. The product forms colorless, transparent, cubical 
crystals, m. p. 156°; easily soluble in benzene, difficultly so in alcohol 
or ether, and combines with halogens less readily than triphenylarsine. 
It is completely converted into arsenic acid when heated with bromine 
and water at 150°.8°° Heating with hydriodic acid at higher tempera- 
tures decomposes it into p-anisole and arsenic triiodide.*°° 


Tri(4-ethoxyphenyl) arsine, (C,H,O.C.H,);As, m. p. 88-9°, is ob- 
tained in very poor yield from 4-bromophenetole like the preceding com- 
pound, but on account of its great solubility in ether, is isolated by 
evaporating off the latter, extracting the residue with absolute alcohol 
and removing the solvent.*** 


Tri(4-carboryphenyl) arsine [Tri-p-benzarsemous acid, Arsinotriben- 
zoic acid], (HOOC.C,H,);As, which results upon reducing the corre- 
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sponding arsine dihydroxide with hydriodic acid and red phosphorus, 
crystallizes from ether in colorless needles melting with decomposition 
at high temperatures. Its sodium salt, (NaOQOC.C,H,),As.2H.O, ob- 
tained but once, separated from hot water as colorless needles, while 
the silver salt, (AgOOC.C,H,),As, is a pale yellow precipitate.°* 


Chapter V. Pentavalent Aromatic Arsenicals. 
A. Primary Derivatives. 


1. Aryl Arsinetetrahalides and -Oxyhalides, RAsX,, RAsOX,.—The 
aromatic arsinetetrahalides, which are more stable than the corresponding 
aliphatic compounds, may be readily obtained by the addition of halogens 
to the corresponding dihalogenated arsines: 


RAsX, + X, —~> RAsX,. 


In the case of 3-nitrophenylarsinetetrachloride, however, the starting 
material is the corresponding nitro arseno compound: 


O.N.C,H.As = AsC,H,.NO, + 4Cl, —~ 20,N.C,H,AsCh, 


while the hydriodide of 4-aminophenylarsinetetraiodide results upon re- 
ducing the amino arsonic acid with hydriodie acid: 


H,N.C,H,AsO(OH),. + 5H1 ——~ (HI.H.N)C,H,AsI, + 3H,0. 


The products are generally crystalline compounds with the exception of 
2-methylphenylarsinetetrachloride which is a viscous liquid, and the 
corresponding 4-methylphenyl compound which is a semi-solid mass at 
ordinary temperature. They are readily decomposed by water to the 
corresponding arsonic acids with the intermediate formation of the 


oxyhalides: 
§ RAsX, + H,O ——~> RAsOX, + 2HX 
URAsOX, -+ 2H.O ——> RAsO(OH),. + 2HX. 


When heated they decompose into aryl halides and arsenic trihalides: 
RAsxX, —— RX + AsXs. 


With an excess of bromine the arsenic radical is split off, yielding a 


dibromobenzene derivative. 
The oxyhalides are crystalline compounds formed upon the direct 


addition of halogens to arylarsineoxides: 
RAsO + X, ——> RAsOX,. 


They are also readily decomposed by water to the corresponding arsonic 
acids, and by heat to an aryl halide and arsenious oxychloride: 


RAsOX, —— RX + AsOX. 
235 
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In addition, this chapter includes several esters of phenylarsineoxy- 
chloride, CsH;As(OR’)Cl., prepared by the action of chlorine upon the 
corresponding esters of phenylarsenious acid (phenyldialkoxyarsines) : 


C.H;As(OR’), + Cl, —~ C,H;As(OR’) 2Ch. 


These are crystalline compounds readily hydrolyzed by water to phenyl- 
arsonic acid: 


C.H;As(OR’).Cl, + 3H,0 —— C,H;AsO(OH), + 2R’OH + 2HCl. 


Phenylarsinetetrachloride, CsH;AsCl,, prepared by saturating phenyl- 
dichloroarsine with chlorine, consists of broad, yellow needles fuming 
in air and melting at 45°. In its violent decomposition by water it 
resembles the corresponding phosphorus compound, but, unlike the latter, 
it acts as a chlorinating agent with organic acids, replacing a hydrogen 
atom by a chlorine, while the phosphorus compound replaces a hydroxyl 
group by a chlorine atom. Thus, when phenylarsinetetrachloride is 
warmed with acetic acid, chloroacetic acid is formed: 


C.H;,AsCl, + CH,COOH ——> CH,Cl.COOH + HCl + C,H;AsCl.. 


On heating the arsinetetrachloride in an open vessel, it dissociates into 
the corresponding dichloroarsine and chlorine, but heating in a sealed 
tube at 150° decomposes it into phenyl chloride and arsenic trichloride. 
It does not react with one mole of bromine, but is decomposed by an 
excess, ylelding p-dibromobenzene.*”® 


2-Methylphenylarsinetetrachloride, CH s.CsH,AsCl,, similarly pre- 
pared, is a dark yellow, viscous liquid which upon treatment with 
water yields the corresponding arsonic acid.’ 


3-Methylphenylarsinetetrachloride is a crystalline solid melting at 
BS? 


4-Methylphenylarsinetetrachloride is a yellow, semi-solid mass at 
ordinary temperature, but solidifies upon cooling.’®° 


2,4-Dimethylphenylarsinetetrachloride, (CH;),CsH;AsCl,, is a white 
crystalline mass.°** 


4-Phenylphenylarsinetetrachloride, (CgH;s)CsH,AsCl,, has also been 
prepared.®°5 


8-Nitrophenylarsinetetrachloride, O.N.CsH,yAsCl,, is derived from 
3,3’-dinitroarsenobenzene by suspending in chloroform and introducing 
chlorine. It forms long needles readily absorbing moisture from the 
air with the formation of the corresponding arsonic acid.*"® 
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4-Aminophenylarsinetetraiodide hydriodide, (HI.H.N)C,H.Ash, is 
made by warming the corresponding arsonic acid with hydriodie acid 
(d, 1.7). It crystallizes from hot glacial acetic acid in orange-red 
crystals, m. p. 140°; insoluble in the usual organic solvents, and yielding 
the corresponding arsineoxide with water.5% 


Phenylarsineoxychloride, C,H;AsO.Cl,, may be obtained by regulat- 
ing the action of water upon the arsinetetrachloride. A more satisfactory 
method, however, consists in permitting chlorine to interact with phenyl- 
arsineoxide. It is a white, crystalline substance fuming in air, melting 
at about 100°, and readily dissolving in water with the formation of 
phenylarsonic acid. Heated in a sealed tube at 120° for several hours, 
it decomposes into chlorobenzene and arsenious oxychloride.** 


Phenyldimethoxyarsine dichloride, C.H;As(OCH;)>.Cl., from phenyl- 
dimethoxyarsine and chlorine, forms colorless crystals melting at 90°, 
and hydrolyzed by either water or alcohol to phenylarsonic acid, methyl 
alcohol and hydrochloric acid. The diethyl ester consists of cubical 
crystals melting at 95°.8* 


Phenylarsineoxybromide is obtained together with bromobenzene by 
the action of bromine upon phenylarsineoxide.*™ 


2-Methylphenylarsineorychloride is derived from the arsineoxide and 
chlorine.*® 


4-Methylphenylarsineoxychloride melts at 69°, but decomposes into 
4-chlorotoluene and arsenious oxychloride when heated in a sealed tube 
above 200°.8°° The corresponding arsineoxrybromide has also been 
prepared.°** 


2,4-Dimethylphenylarsineoxychloride melts at 150°,°'° and its 2,5- 
isomer at 178°.*5 


2. Aryl Arsonic Acids. RAsO(OH).. Despite the fact that Rose- 
mund **8 recently succeeded in obtaining a shght amount of phenylarsonic 
acid by heating bromobenzene with aqueous tripotassium arsenite and 
a little copper sulfate in a sealed tube at 180-200° for six hours, it 
can be safely stated that no method has as yet been devised by which 
aromatic hydrocarbons may be directly arsenated. In 1910, however, 
Bart * patented a very satisfactory and efficient method of preparing 
aryl arsonic acids which consists in diazotizing arylamines and treat- 
ing the resulting diazo, or better isodiazo, compounds with sodium arsenite 
in either alkaline or neutral solution, the reaction proceeding according 
to the equation: 


RN = NX + Na;AsO, —> RAsO(ONa). + NaX + N,. 
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In the preparation of phenylarsonic acid by this method, the yields 
obtained with the normal diazobenzene compound are very small, but 
with potassium benzeneisodiazo oxide the results are more satisfactory. 
If, however, the starting materials are nuclear substituted arylamines, 
the reactivity of the corresponding normal diazo compound is increased 
to such an extent that conversion into the arsonic acid proceeds very 
readily without the necessity of first preparing the isodiazo compound. 
This procedure is not only suited for the preparation of primary arsonic 
acids, but also of diarylarsinic acids and triarylarsine oxides: 


RN = NX + RAs(ONa), —~ R,AsO.ONa + NaX + Nz 
RN = NX + R,AsONa ——> R,AsO + NaX + Ng. 


Later it was noted that the reaction with normal diazo compounds 
could be facilitated by the use of catalysts such as metallic copper, 
cuprous hydroxide or other copper salts in the absence of free alkali.*’ 
In 1912 Bart further improved his original method by employing as 
catalysts metallic copper, silver, nickel, cobalt or their salts in alkaline 
solution, thereby facilitating the removal of the diazo-nitrogen at low 
temperatures, and at the same time obviating the formation of by- 
products.*® 

According to H. Schmidt, however, a neutral or slightly acid medium 
is most suitable for the interaction of normal diazo compounds and 
potassium arsenite without the assistance of any catalyst. In this 
procedure various arsenated as well as non-arsenated by-products are 
obtained. Thus, in the preparation of phenylarsonic acid there is also 
obtained 4-phenylphenylarsonic acid, while the products derived from 
3-nitrodiazobenzene are the corresponding nitroarsonic acid and 4?-(3/- 
nitropheny]) -3-nitrophenylarsonic acid.°° 

In 1919 Mouneyrat modified Bart’s process so that arsonic acids could 
be prepared by causing normal diazo compounds to act upon cold or 
warm aqueous or dilute alcohole solutions of arsenious acid in an 
acid, neutral or alkaline medium, in the presence of special catalyzers. 
The characteristic feature of this process consists in the simultaneous 
use of two catalysts, one a copper salt, and the other a reducing agent 
the nature of which varies according to the acidity or alkalinity of the 
medium. If an acid medium is employed, an acid reducing agent such 
as hypophosphorous acid, cuprous hydrate, ete., must be used; in a neu- 
tral medium, sodium hydrosulfite or sodium formaldehydesulfoxylate 
may be employed, while in an alkaline solution, the latter two reducing 
agents or an excess of alkali arsenite are satisfactory.’® 

The arylarsonic acids may also be obtained: 

1. From aminoarylarsonic acids by diazotizing and replacing the 
diazo group with a hydrogen atom in the usual manner. 

2. By oxidizing arylarsines, e. g., with nitric acid: 


RAsH, + 30 —»> RAsO(OH),. 
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3. From dichloroarsine by chlorinating in the presence of water, or 
by oxidizing with hydrogen peroxide in glacial acetic acid solution: 


sl |= Cl s RAE eo”. RALO(OH), + 4HCl 
RAsCl, + H,0, + H,0 —> RAsO(OH), + 2HCI, 


4. Upon oxidizing arsineoxides, e. g., with hydrogen peroxide in 
alkaline solution: 


RAsO + O + H.0 —-> RAsO(OH),, 
5. By oxidizing arseno compounds, e. g., with iodine: 


| RAs = AsR-+ 21, + 2H,0 ——> 2RAsO + 4HI 
| 2RAsO + I, + 2H,0 —> 2RAsO(OH), + 2HI. 


6. By hydrolyzing arsinetetrahalides or -oxyhalides: 


RAsX, + 3H,O —-> RAsO(OH), + 4HX 
RAsOX,-+ 2H,O —> RAsO(OH), -+ 2HX. 


Meyer’s reaction has not been found applicable in the synthesis of aro- 
matic arsonic acids, the only exception being benzylarsonic acid. 

The unsubstituted arylarsonic acids are well-defined crystalline sub- 
stances soluble in hot water or alcohol and insoluble in ether. They 
are very stable, some remaining unaffected even upon boiling with 
concentrated nitric acid. The degree of firmness with which the arsenic 
is attached to the nucleus depends upon the nature of the other sub- 
stituents present, but is practically always quite high. In many cases 
heating above the melting point causes a loss of one molecule of water 
with the formation of the corresponding anhydrides, which are recon- 
verted into the acids by warming with water: 


RAsO(OH). = RAsO, + H,0. 


This dehydration occurs much less readily if negative groups are present 
in the nucleus. Upon fusing with potassium hydroxide the arsono group 
is replaced by a hydroxyl. Mild reducing agents such as sulfurous acid 
in the presence of hydriodic acid convert the arsonic acids into the 
corresponding arsineoxides; stronger reducing agents, e. g., sodium hydro- 
sulfite in alkaline medium at 55-60°, or heating with phosphorous acid 
in sealed tubes, produce arseno compounds; nascent hydrogen causes a 
further reduction to the primary arsines, while with hydrogen sulfide 
arylarsine sulfur compounds result. The acids are not affected by 
chlorine or bromine, but may be readily nitrated to nitroarylarsonic 
acids which are reduced to dinitroarsenobenzenes by phosphorous acid 
and to diaminoarsenobenzenes by warming with sodium hydrosulfite in 
alkaline solution. Benzylarsonic acid furnishes an exception to the 


240 ORGANIC ARSENICAL COMPOUNDS 


other members of this group in that it is readily decomposed by mineral 
acids. 

The arylarsonic acids readily form salts: the alkali and alkali earth 
compounds are generally soluble, crystalline acid salts, while the heavy 
metal derivatives are insoluble neutral compounds. In practically no 
case is a precipitate obtained with magnesia mixture in the cold, but 
upon heating a magnesium salt settles out. The same phenomenon 
is observed with ammoniacal calcium chloride solution, and constitutes 
a characteristic distinction from the pentavalent inorganic arsenicals. 

Esters may be prepared by two general methods: 

1. From sodium alkoxides and arylarsineoxychlorides, e. g., 


C.H;AsOCl, -- 2RONa ——~> C,H;AsO(OR). + 2NaCl; 


2. By double decomposition between alkyl iodides and silver arson- 
ates, e. g., 


C,H, AsO(OAg), + 2RI —-> C.H,AsO(OR), + 2Agl. 


The last reaction occurs in dry ether medium even at ordinary tempera- 
tures but is completed in a reflux apparatus. A calculated amount of 
the alkyl iodide must be employed since an excess results in the forma- 
tion of alkyl-arylarsenites and free iodine, e. g., 


C,H, AsO (OAg), + 4CH,1 —> 
C,H,As(OCH,), + 2AgI + I, + (CH,),0. 


The esters are liquids with disagreeable odors, and are readily hydro- 
lyzed by water into the arsonic acid and the respective alcohol. 


Phenylarsonic acid, CsH;AsO(OH)., has been prepared by adding 
potassium arsenite to an aqueous solution of potassium benzeneisodiazo 
oxide, stirring and warming until the evolution of nitrogen is com- 
plete. After neutralizing the excess of alkali with acid, the liquid is 
filtered, the filtrate evaporated to dryness and potassium phenylarsonate 
extracted from the residue by means of alcohol. The salt is then dis- 
solved in water and the free acid isolated by neutralizing with hydro- 
chloric acid.“® The compound has also been obtained from benzene- 
diazonium chloride and sodium arsenite in the presence of cuprous oxide, 
without an excess of alkali; **® from the same diazo compound and 
an aqueous or dilute alcoholic solution of arsenious acid in a cold 
or warm acid, neutral or alkaline medium in the presence of two 
catalysts, one consisting of a copper salt and the other a reducing agent 
capable of acting in the selected medium; *® or by Schmidt’s modifica- 
tion of Bart’s method.**° The same acid results on diazotizing p-arsanilic 
acid, introducing into a solution of sodium hypophosphite and hydro- 
chloric acid at a temperature not exceeding 2°, digesting for 18 hours 
at 2-5° and finally isolating successively through the barium, zine and 
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sodium salts.*"" Other methods consist in decomposing phenylarsine- 
tetrachloride or -oxychloride with water; ‘** suspending phenyldichloro- 
arsine in water and oxidizing with chlorine; *? or oxidizing phenylarsine 
with concentrated nitric acid.*** Finally, it has been obtained in small 
yields by heating bromobenzene with concentrated aqueous tripotassium 
arsenite and copper sulfate in a sealed tube at 180-200° for six hours.8”4 

Phenylarsonie acid crystallizes in colorless, elongated prisms fairly 
soluble in cold water, readily in absolute or aqueous alcohol, caustic 
alkalis or hot water. It softens at 158°, and upon continued heating 
loses 1H,O, yielding the corresponding anhydride. The acid is only 
slightly soluble in ether, but the latter readily extracts it from aqueous 
solutions containing an excess of mineral acid. It is a very stable 
compound, remaining unaffected by hot concentrated nitric or chromic 
acid. It is reduced to phenylarsine by nascent hydrogen; is decomposed 
into phenol and potassium arsenite when fused with caustic potash; 
and yields arsenobenzene upon heating with phosphorous acid in a sealed 
tube at 180°: 


2C,H,;AsO (OH). _ 4H,PO, ———> C,H;As = AN Cale le + AO + 21.0: 


Salts—The acid ammonium salt forms crystals which readily 
effloresce in the air and give off ammonia. The acid potassium salt is 
a white, amorphous, very hygroscopic substance. The acid barium salt 
consists of short needles readily soluble in cold water, dilute hydro- 
chloric or nitric acid, less soluble in warm water than in cold. It is 
prepared by dissolving the acid in baryta water, precipitating the 
excess barium by means of carbon dioxide and concentrating the filtrate, 
or by adding first barium chloride and then ammonia to a hot con- 
centrated solution of the arsonic acid. Two calcium salts are known— 
an acid compound, (C,H;AsO.OH.O).Ca, and a neutral derivative, 
C,H,AsO;,;Ca.2H,O. The first, prepared like the corresponding barium 
salt by employing calcium chloride and ammonia, crystallizes in leaflets 
with a nacreous luster and a greasy texture; sparingly soluble in either 
hot or cold water and readily in warm dilute acids. The neutral salt 
is obtained by cautiously adding ammonia to a cold, dilute aqueous 
solution containing both phenylarsonic acid and calcium chloride in 
such a manner that the two liquids do not mix, and allowing to stand 
for several days. The salt crystallizes out in acicular aggregates with 
a bright luster and greasy texture.**° The magnesium salt, CsxH;AsO;,Mg, 
is prepared by heating a solution of the acid with magnesia mixture.*’® 
Of the heavy metal derivatives may be mentioned the zinc salt; *" the 
copper salt—a blue-green precipitate; the silver salt which separates 
as a white, microcrystalline powder or platelets with a nacreous luster; 
and a white, amorphous lead salt, prepared from lead acetate and sodium 
phenylarsonate. If lead nitrate is employed instead of the acetate, there 
is obtained a precipitate consisting of lead phenylarsonate and lead 
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nitrate, from which the latter cannot be removed by washing with hot 
water.*8 The yohimbine salt melts at 140°.8° On adding molybdenum 
trioxide to a hot aqueous solution of sodium phenylarsonate, filtering, 
concentrating the filtrate and adding guanidinium chloride, there is ob- 
tained a mixture of two crystalline compounds which may be separated 
by hot water.’ The least soluble compound, consisting of white leaflets, 
is not affected by boiling with guanidinium carbonate and corresponds 


C,H; 
to the formula, (CNL) |e The more soluble de- 
(MoO,); 
CoH; C,H; 
rivative, (ONE) 4s] oxo, crystallizes in 
| (Mo0O,).4 (Mo0,).4 
+____NMfoQ, 


white needles which, when gently heated with guanidinium carbonate, 
yield microscopic, hexagonal plates of the formula, 


As 
(CN;H,) «H . (MoO,); (MoO,); 


OH OH 
MoO, 


Esters—Methyl phenylarsonate, C,H;AsO(OCH;)., is a colorless 
liquid with an unpleasant odor; b. p. 188°/95 mm.; d, 1.3946/23°; 
readily hydrolyzed by water. The ethyl ester boils at 168-70°/15 mm.; 
d, 1.318/15°; and is converted by chlorine into phenylarsineoxychloride, 
chloral and hydrochloric acid.8*° 


@eH C,H: 
As | 
-4H.0: 


Phenylarsonie anhydride, Cy>H;AsO., is a white amorphous powder 
which on continued heating decomposes without melting. It is readily 
transformed into the arsonic acid by dissolving in water.’s! 882 


2-Methylphenylarsonic acid, CH; .Cy>H,AsO(OH)., is prepared by the 
action of water on the corresponding arsinetetrachloride or -oxychlo- 
ride,*** §** or from o-toluidine by Bart’s reaction.2®> It crystallizes in 
colorless needles melting at 160°, but when maintained at this tempera- 
ture for some time, it gradually loses 1H.O, yielding the anhydride. Its 
calcium and barium salts are white crystalline solids; the silver salt is 
a white, amorphous precipitate slightly soluble in water or dilute 
alcohol.8*° 


_ 3-Methylphenylarsonic acid, from the corresponding arsinetetrachlo- 
ride and water, crystallizes from hot water in acicular aggregates, m. p. 
150°. It is distinguished from its ortho and para isomers in that it melts 
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in hot water before dissolving, while its isomers do not. At 220-30° it 
loses one molecule of water, forming the anhydride. Its alkali and 
alkali earth salts are easily soluble in water; the ammonium salt con- 
sists of crystalline crusts; the calcium salt is characterized by its ready 
solubility in cold but difficult solubility in hot water. A white silver 
salt, a pale blue copper salt, as well as tin, lead, iron and cobalt com- 
pounds have also been prepared. The phenylhydrazine salt, 


C,H,AsO.OH.ONH;.NHC,H;, 


prepared from the acid and phenylhydrazine in aqueous medium, crys- 
tallizes from alcohol in lustrous leaflets.*s* 


4-Methylphenylarsonic acid is prepared by treating the correspond- 
ing arsinetetrachloride or -oxychloride with water; *** 88° from p-toluidine 
by Bart’s reaction,*® or Mouneyrat’s modification of the same,%® or by 
oxidizing 4-methylphenyldichloroarsine with either chlorine in aqueous 
medium, hydrogen peroxide in glacial acetic acid solution or with nitric 
acid.*8° It consists of elongated needles darkening at 300° without 
melting and losing 1H.O at 105-10° with the formation of the anhydride. 
Potassium permanganate in alkaline solution oxidizes it to 4-carboxy- 
phenylarsonic acid. Its acid potassium salt is a white deliquescent 
powder; the acid barium salt forms white needles; the acid calcium salt 
crystallizes in lustrous leaflets with a greasy texture; the neutral silver 
salt is a white precipitate which can be obtained crystalline from hot 
dilute alcohol; the neutral copper salt is blue-green, while the corre- 
sponding lead salt is white.**° 


Benzylarsonic acid, C.H;CH,AsO(OH)., is prepared by Meyer’s 
reaction from benzyl iodide and potassium arsenite,*** or from benzyl 
chloride and sodium arsenite.**? It forms white, lustrous needles, m. p. 
167°; sparingly soluble in cold water but readily in alcohol or hot water. 
It is odorless; has an irritating effect upon the epidermis and mucous 
membranes, and has a peculiar bitter taste. Unlike the other arsonic 
acids it is easily decomposed by mineral acids—with concentrated hydro- 
chloric acid benzyl chloride and arsenious acid are formed: 


2C,H;CH.AsO (OH), + 2HCl —— 2C,H;CH.Cl + As,O,; + 3H,0, 
while with sulfuric acid dibenzyl, benzaldehyde and arsenious acid are 
obtained: 
4C,H;CH,AsO(OH), —— (C.H;CH:z)2+2C.H;CHO- 2As,0, + 4H,0. 
2,4-Dimethylphenylarsonic acid, (CHs)2CeHs;AsO(OH)>., separates 


from dilute alcohol as rectangular crystals melting at 210°. The acid 
ammonium, neutral silver, copper, lead, cobalt and iron salts have been 


prepared.°”® 
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2,6-Dimethylphenylarsonic acid crystallizes from hot water in elon- 
gated needles, m. p. 223°; readily soluble in hot water or alcohol, 
sparingly in cold water. Its neutral silver, lead, copper and ferrous 
salts are insoluble in water.°>* 


2,4,6-Trimethylphenylarsonic acid, (CH,;);CsH,AsO(OH)., consists 
of white needles, m. p. 224°.; readily soluble in hot water or alcohol. It 
forms a neutral silver salt.*°° 


4-Isopropylphenylarsonic acid, (CH;),CH.C,H,AsO(OH),., exists as 
lustrous, snow-white needles, m. p. 152°; readily soluble in hot water or 
alcohol, and yielding 4-carboxyphenylarsonic acid when oxidized with 
potassium permanganate in alkaline solution.*°® 


Tertiary-butylphenylarsonic acid, (CH;);C.CgH,sAsO(OH)., erys- 
tallizes in tufts of needles, m. p. 193°; readily soluble in alcohol, spar- 
ingly in hot water. It forms a white, amorphous, neutral silver salt.*°° 


4-Phenylphenylarsonic acid, (CeH;)C.H,AsO(OH)., is prepared from 
the corresponding dichloroarsine by oxidation with hydrogen peroxide in 
glacial acetic acid.8®? It is also formed as a by-product in the prepa- 
ration of phenylarsonic acid from aniline by Schmidt’s modification of 
Bart’s method.*”° The compound separates from water or dilute alcohol 
as an almost colorless, crystalline powder, m. p. 275° (L.), unmelted up 
to 300° (8.); readily soluble in alcohol, caustic alkalis or ammonia. 


a-Naphthylarsonic acid, C,)H;AsO(OH)., is obtained either from the 
arsinetetrachloride in the usual manner **? or from a-naphthylamine by 
Bart’s reaction.‘ It forms colorless needles melting at 197°, soluble in 
hot water, acetone, methyl or ethyl alcohol and insoluble in mineral 
acids, benzene, carbon bisulfide, carbon tetrachloride, chloroform, toluene 
or xylene. When treated with fuming sulfuric acid (d, 1.9), it yields 


AsO;H, 
?-sulfonaphthylarsonic acid, CyH¢ , which crystallizes from 


\ 
SO,H 


water in glistening white, slightly hygroscopic plates easily soluble in 
hot water, alkalis, acetone, methyl or ethyl alcohol, difficultly so in ether 
and insoluble in mineral acids or the other organic solvents. It neither 
melts nor decomposes below 250°, and yields upon oxidation a viscous 
liquid of indefinite composition." 


B-Naphthylarsonic acid consists of needles, m. p. 155°; readily soluble 
in alcohol or hot water.°"® 
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; AsO,H. 
Anthraquinone-a-arsonic acid, /\ CO yo , is derived 
Re NY 8 


WLW oo 

from a-aminoanthraquinone by Bart’s method. It crystallizes from 
75 per cent acetic acid in colorless needles difficultly soluble in hot water, 
almost insoluble in methyl or ethyl alcohol and easily soluble in con- 
centrated sulfuric acid, 2N-sodium carbonate, N-sodium hydroxide or 
warm 2N-sodium acetate. The acid is reduced to the arseno derivative 
by warming with sodium hydrosulfite in alkaline solution, but with 
sodium amalgam the arsenic is split off, yielding anthraquinone. Upon 
heating on a sand bath the arsonic acid decomposes with the formation 
of arsenious acid and erythrohydroxyanthraquinone. The sodium, 
barium, calcium and magnesium salts have been prepared.*** 

The 6-7somer, similarly prepared, crystallizes in faintly yellow needles 
which do not melt up to 270°. It is slightly soluble in boiling water, 
readily in ammonia, concentrated sulfuric acid, 2N-sodium carbonate, 
N-sodium hydroxide or hot alcohol. Magnesia mixture added to the 
ammoniacal solution produces an amorphous precipitate in the cold, 
while calcium chloride yields a crystalline precipitate. Its alkaline 
solution is colored deep red when treated with sodium hydrosulfite, and 
unlike the a-isomer yields but a slight amount of anthraquinone with 
sodium amalgam, thereby indicating that its arsenic is more firmly 
attached to the nucleus.** 


3. Aryl Diarsonic Acids.—o-Phenylenediarsonic acid, 
C,H, (AsO;H,) >, 


is prepared by treating an alkaline solution of 2-diazophenylarsonic acid 
with aqueous sodium arsenite in the presence of a little ammoniacal 
copper sulfate, forming a white, microcrystalline powder containing one 
molecule of water of crystallization. It is difficultly soluble in water, 
either very difficultly so or entirely insoluble in the usual organic sol- 
vents, does not melt below 360°, and intumesces slightly on strongly 
heating in the test tube. When warmed with dilute copper sulfate it 
yields a very bright insoluble copper salt, while boiling bisulfate solution 
converts it, after temporarily going into solution, into an insoluble 
arsineoxide.®°® Upon treating a solution of the acid in warm fuming 
hydrochloric acid with a little aqueous potassium iodide and introducing 
sulfur dioxide, there are ultimately obtained almost colorless, tetragonal 
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plates of the oxychloride, CoH, O, which melts at 148°, and is very 


easily soluble in hot ether, benzene or carbon bisulfide.*** 


m-Phenylenediarsonic acid is derived from m-arsanilic acid by Bart’s 
method, and forms colorless leaflets easily soluble in water or 96 per 
cent alcohol, difficultly in ethyl acetate and almost insoluble in acetone 
or ether. It has no melting point, but is decomposed at high tempera- 
tures with intumescence. The sodium salt crystallizes with 10 molecules 
of water.8°® Upon reducing this acid or its p-isomer with phosphorous 
acid in a sealed tube at 220-35° and 210-20° respectively for several 
hours, there are produced yellow, amorphous compounds insoluble in 
the ordinary organic solvents and decomposing at high temperatures. 
It has not yet been determined whether the formulas of these are 


Vee SEN 
(—As=As > ‘and <—As=As—>, or 
Sis eel: pwniiaso7< 


VA x 
Ye ern eras 
x Jao os 


respectively. They are readily oxidized by hydrogen peroxide, more 
violently by warm dilute or cold concentrated nitric acid, to the corre- 
sponding diarsonie acids. On boiling with amyl alcohol they dissolve, 
separating on cooling as colorless amorphous products.*°® 


p-Phenylenediarsonic acid is obtained from atoxyl by Bart’s method 
as above, and crystallizes in colorless, frequently needle-shaped, leaflets 
quite soluble in water, difficultly so in alcohol and insoluble in ether, 
acetone or benzene. Its alkali salts are readily soluble in water, but only 
sparingly in alcohol.’® °° 
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4. Halogenated Aryl Arsonic Acids—Compounds of this group are 
generally derived: 

1. From halogenated arylamines either by Bart’s reaction or 
Mouneyrat’s modification of the same. 

2. From diazo aminoarylarsonic acids by employing Gattermann’s 
modification of Sandmeyer’s reaction. 

A very singular method, applicable only to the preparation of mono- 
and dichloro-2,4-dimethylphenylarsonic acids, consists in treating the 
corresponding dichloroarsine with chlorine, which causes simultaneous 
chlorination and oxidation to the arsonic acid. 

The halogenated arsonic acids are crystalline solids which, as a rule, 
are difficultly soluble in cold water, but dissolve more readily in hot 
water or various organic solvents. 

4-Todophenylarsonic acid serves as the starting material for the 
preparation of several interesting compounds. Thus, with chlorine it 
forms an addition product, 4-iodochloride phenylarsonic acid, which is 
converted into an iodoso compound by the action of caustic soda: 


AiO wec, Bole, = HO. keG. HCl, 
H,0,AsC,H,ICIL, + 2NaOH ——> H,0,AsC,H,IO + 2NaCl -+ HO. 


On treating the iodo or iodoso compound with sodium hypochlorite, oxi- 
dation to the iodoxy derivative occurs: 


H,O,AsC,H,IO + NaClO —— H.0;AsC,H,10, + NaCl 
H,0;AsC,H,I + 2NaClO ——> H.O;AsC,H,10, + 2NaCl. 


Both the iodoso and iodoxy compounds are strong oxidizing agents, and 
decompose violently when heated. 


2-Chlorophenylarsonic acid, ClC.H,AsO;H,, is prepared from 
2-chloroaniline by Bart’s method.°”! 


4-Chlorophenylarsonic acid is obtained either by adding copper 
powder to a hydrochloric acid solution of 4-diazophenylarsonic acid at 0° 
and subsequently precipitating as the copper salt,°°? or from 4-chloro- 
aniline by Mouneyrat’s modification of Bart’s method.*® The compound 
is characterized by its barium salt, [CIC,H,AsO.OH.O].Ba, which 
crystallizes in white leaflets upon boiling a suspension of the copper 
salt with barium hydroxide, removing the excess of bartum with carbon 
dioxide, and concentrating the filtrate. 


2-Bromophenylarsonic acid, made from 2-bromoaniline hydrochloride 
by Bart’s process, separates as white leaflets difficultly soluble in 
water.°°? 
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4-Bromophenylarsonic acid may be prepared from 4-bromoaniline 
either by Bart’s method,** or by Mouneyrat’s modification.*® It crys- 
tallizes in the form of white needles sparingly soluble in water, but 
readily in methyl or ethyl! alcohol. 


4-Iodophenylarsonic acid is formed, along with some 4-iodophenyl- 
diiodoarsine, as a yellow precipitate on slowly adding to 4-diazophenyl- 
arsonic acid a solution of potassium iodide, copper sulfate and sodium 
thiosulfate in hydrochloric acid. Recrystallized from alcohol, the acid 
forms fine reddish-white needles soluble in alkali hydroxides or car- 
bonates, hot alcohol, acetone or acetic acid, sparingly in water, alcohol 
or carbon bisulfide and insoluble in benzene, ether, chloroform, ethyl 
acetate, petroleum ether or toluene. It is not precipitated from am- 
moniacal solution by magnesia mixture.*® 


4-Iodochloride phenylarsonic acid, H,O,AsC,H,ICl., crystallizes as 
a yellow powder when a glacial acetic acid solution of 4-iodopheny|- 
arsonic acid is saturated with chlorine.®** 


4-Iodosophenylarsonic acid, H.O,;AsC,H,IO, results upon dissolving 
the preceding compound in dilute caustic soda and precipitating with 
dilute hydrochloric acid. It is a white, microcrystalline substance readily 
soluble in alkalis or sodium acetate but sparingly so in alcohol, acetic 
acid or water. It explodes on heating, and is a powerful oxidizing agent, 
liberating iodine from an acetic acid solution of potassium iodide, decom- 
posing litmus and bleaching indigo.®”° 


4-lodoxyphenylarsonic acid, H,O;AsCgH,lO,—When a cold solution 
of 4-iodophenylarsonic acid in N-sodium hydroxide is saturated with 
chlorine and then acidified with dilute sulfuric acid, a white granular 
precipitate is obtained whose oxidizing power surpasses that of the iodoso 
compound. It explodes sharply when heated and is practically insoluble 
in the ordinary organic solvents.°°° 


4-Chloro-2-methylphenylarsonic acid, ClCsH;(CH;)AsO(OH)., ob- 
tained from the corresponding chlorotoluidine by Bart’s method, is pre- 
cipitated as the magnesium salt, from which the free acid can be isolated 
by decomposing with hydrochloric acid. The product, m. p. 199°, is 
readily soluble in hot water but sparingly in cold.°°* 


4-Chloro-3-methylphenylarsonic acid is prepared by decomposing the 
diazo solution of the corresponding amino acid with cuprous chloride. 
It crystallizes from alcohol in needles melting at 180°.°°7 


?-Chloro-2,4-dimethylphenylarsonic acid, ClC.H.(CH;),AsO(OH)., 
is deposited as needles, m. p. 165°, on passing chlorine into an aqueous 
suspension of the corresponding dichloroarsine.’’s 
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2,4-Dichlorophenylarsonic acid, ClsCgH,AsO,H;, obtained from 2,4- 
dichloroaniline by Bart’s method, crystallizes from water in fine 
needles.°°? 


3,5-Dichlorophenylarsonic acid.—An intimate mixture of 3,5-dichloro- 
p-arsanilic acid and potassium pyrosulfite is gradually introduced into 
ice-cold nitric acid (d, 1.49), and a solution of the diazo compound 
obtained by the addition of ice. The clear liquid is then warmed with 
alcohol and a little finely divided copper until the evolution of nitrogen 
is complete, when, upon cooling, the dichloro acid separates as well- 
defined, snow-white leaflets soluble in hot water, methyl or ethyl alcohol 
but sparingly in cold water. 


?-Dichloro-2,4-dimethylphenylarsonic acid, Cl,CsH (CH;)»AsO(OH),. 
—Formed on passing chlorine through a solution of the corresponding 
dichloroarsine in glacial acetic acid. It can be recrystallized from 
dilute alcohol and melts at 193°.%* 


3,5-Dichloro-4-iodophenylarsonic acid, 
The diazo solution obtained in the preparation of 3,5-dichlorophenyl- 
arsonic acid is allowed to crystallize, the resulting crystals redissolved 
in water, and treated with 10 per cent potassium iodide solution until 
the evolution of nitrogen ceases, when the desired acid separates out. 
It crystallizes from 50 per cent acetic acid in white felted needles spar- 
ingly soluble in either hot or cold water.*** 


5. Nitro Aryl Arsonic Acids.—Nitro groups may be readily intro- 
duced into the nuclei of aromatic arsonic acids by the usual methods of 
nitration. The same products are obtained by treating nitroarylamines 
either according to Bart’s original method, Mouneyrat’s modification of 
this procedure, or H. Schmidt’s variation, in which potassium instead. ¢ of 
sodium arsenite is employed. The acids are crystalline solids sparingly 
soluble in cold water, alcohol or acetic acid, but more readily so on 
heating. With certain reducing agents, Sih as stannous chloride in 
hydrochloric acid, the nitro groups alone are reduced, forming amino 
arsonic acids; reagents like phosphorous acid reduce only the arsonic 
acid group, yielding the corresponding nitro arseno compound, while 
with strong reducing agents, such as sodium hydrosulfite in warm alkaline 
solution, both the nitro and arsonic acid groups are reduced, resulting 
in the production of aminoarseno derivatives. 

When a nitromethylphenylarsonic acid, in which the nitro group is 
in para position to the methyl, is warmed with concentrated aqueous 
sodium hydroxide solution, it yields a mixture of dinitroso-, azoxy-, 
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and azostilbenediarsonic acids, which are analogous in structure to such 
commercial dyes as Mikado-Brown, Mikado-Orange and Turmeric: 


AsO;H. AsO3H. AsO;H, 
(SCH cH He 
oe 
O.N y ON . y) Ss NO 
AsO;H, AsO,H, AsO.H, OHH 
a Gas : po \CREEE x 
| | ls 


This reduction of the nitro group to nitroso, etc., can be prevented by 
the addition of an oxidizing agent such as sodium hypochlorite. Thus, 
5-nitro-2-methylphenylarsonic acid, when boiled with sodium hydroxide 
and sodium hypochlorite, yields 5,5’-dinitro-2,2’-stilbenediarsonic acid. 

By reducing the mixture of the above stilbene compounds in alkaline 
solution first with zine dust and then with sodium hydrosulfite, there 
is obtained a single product consisting of the disodium salt of diamino- 
stilbenediarsonic acid, whose structure may be represented as follows: 


The latter may be further reduced with sodium hydrosulfite to form 
the corresponding arseno stilbene, 
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or it may be diazotized and the diazo groups replaced by hydroxyls, 
producing the corresponding dihydroxystilbenediarsonic acid, which upon 
reduction is converted into the arseno derivative. 


2-Nitrophenylarsonic acid, O.N.C,H,AsO(OH)., is obtained from 
o-nitraniline either by Bart’s method,’* °" or by H. Schmidt’s modifica- 
tion of the same.*!2 When recrystallized from water, it separates as 
pale yellow, glistening, hexagonal plates (Jacobs) or almost colorless 
needles (Bart, Schmidt) containing one molecule of water of crystalliza- 
tion. The anhydrous acid melts with decomposition at 235-40° (J.) or 
232° (S.), is soluble in hot alcohol but sparingly in cold alcohol, chloro- 
form or acetone. The acid does not give any precipitate on boiling 
with magnesia mixture, the magnesium salt separating only on prolonged 
standing at ordinary temperature. The hydrated acid is readily soluble 
in hot water, sparingly in cold and slightly in acetic acid, crystallizing 
from the latter in a practically insoluble, presumably dehydrated modi- 
fication. 


3-Nitrophenylarsonic acid results upon nitrating phenylarsonic acid 
with either 100 per cent nitric acid or a mixture of concentrated sulfuric 
and nitric acids.8*? If, however, the latter nitration be conducted in a 
sealed tube at 155-65° for 3 hours, there is also obtained a small amount 
of an isomer, which does not dissolve in hot water.**° A third method 
consists in treating m-nitraniline according to Schmidt’s modification of 
Bart’s method.%? 

The constitution of the above acid has been established by the fact 
that it is identical with the 3-nitrophenylarsonic acid obtained by the 
following two methods: (a) 3-nitro-p-arsanilic acid is diazotized, treated 
with a hydrochloric acid solution of sodium hypophosphite, and the 
3-nitrophenylarsonic acid isolated successively through the barium, zinc, 
and sodium salts.%* (b) p-Nitranilinearsonic acid is diazotized and the 
diazo-solution treated with alcohol and copper-bronze. When the evolu- 
tion of nitrogen has ceased, the filtrate is concentrated and treated with 
strong caustic soda until faintly acid to congo, the 3-nitro-acid crystal- 
lizing out on cooling.**® 

The product consists of leaflets readily soluble in alcohol or hot 
water, less so in cold water, slightly in benzene or chloroform and 
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insoluble in ether or ligroin. At 180° it loses water, and carbonizes 
above 230° without previous melting. If, however, the tube containing 
the acid is suddenly introduced into sulfuric acid heated to 200°, it melts 
at once and, then quickly resolidifies to the anhydride. Heated with 
bromine water at 200° it decomposes, yielding 2-nitrobromobenzene, 
hydrobromic and arsenic acids. With tin and hydrochloric acid an 
unidentified, dark, amorphous mass is obtained; with stannous chloride 
and hydrochloric acid Michaelis on one occasion obtained a crystalline 
double salt of 3-aminophenylarsonic acid and stannous chloride, 
(HCl].H.N)C,H,AsO,H,.SnCl..4H.0, while phosphorous acid reduces 


the nitroarsonic acid to the corresponding nitroarseno derivative. 


Salts —The alkali salts are not crystallizable. Upon concentrating a 
solution of the diammonium salt, half of the ammonia splits off, leaving 
the acid salt. The calcium salt, obtained by treating an aqueous solu- 
tion of the acid with calcium carbonate and boiling the filtrate, crystal- 
lizes in fine lustrous leaflets which do not lose their water of crystalliza- 
tion even at 110°, probably due to their constitution which may be 


O 
is 
represented by the following formula, O.N.C,H,As — OH . The 


O.Ca(OH) 
barium salt, [O.N.C,H,AsO.OH.O].Ba, crystallizes in crusts; the 
cupric salt is a blue crystalline substance whose water of crystallization 
cannot be removed by heating; the silver salt is a white amorphous 
deposit easily soluble in ammonia or nitric acid; the magnesium salt 
may be obtained by boiling the acid with magnesia mixture.°'® 


4-Nitrophenylarsonic acid, from p-nitraniline by Bart’s method,S® 
crystallizes from water in pale yellow aggregates of minute leaflets which 
do not melt below 275°, are sparingly soluble in hot methyl alcohol or 
acetic acid, cold water or ethyl alcohol, but dissolve readily in the 
latter on heating.®!” 


4-Nitro-2 or 6-methylphenylarsonic acid,O.N .CsH,;(CH;) AsO(OH),, 
is prepared from 5-nitro-o-toluidine by Bart’s reaction, forming almost 
colorless needles melting with decomposition at 235-40°. It is readily 
soluble in hot water, alcohol or acetic acid and practically insoluble in 
acetone or chloroform.°'® 


5-Nitro-2-methylphenylarsonic acid may be obtained by nitrating the 
corresponding arsonic acid with nitric-sulfurie acid at 20-35°,% or from 
4-nitro-o-toluidine by Bart’s reaction.°?° It forms white felted needles 
darkening at 230° and melting at 261° (Karrer), or pale yellow, glisten- 
ing plates melting at 225° with the evolution of a gas, then resolidifying 
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and finally melting with decomposition at 261-3° (Jacobs). It is very 
sparingly soluble in cold water, alcohol or acetic acid, though readily 
on heating; is soluble in methyl alcohol but practically insoluble in 
acetone or chloroform. When heated with aqueous alkalis at 90° for 
15 minutes, it undergoes a complicated series of reactions, yielding a 
mixture of dinitroso-, azoxy- and azostilbenediarsonic acids, which is 
soluble in alkahs but not in the usual solvents.®?! 


5,5’-Dinitro-2,2’-stilbenediarsonic acid, 
(H,O;As) (O.N)C.H;.CH = HC.C,H;(NO,) (AsO;H.2), 


results upon warming the preceding arsonic acid with aqueous sodium 
hydroxide and hypochlorite for five minutes at 90° and then acidifying 
with concentrated hydrochloric acid. It separates as a white crystalline 
precipitate sparingly soluble in water or alcohol. Warming its alkaline 
solution with a little acetone produces a reddish-brown condensation 
product, but with phenylhydrazine—merely a red coloration.°!® 


6-Nitro-2-methylphenylarsonic acid is prepared from  3-nitro-o- 
toluidine by Bart’s method, and, when recrystallized from hot water, 
separates as star-shaped aggregates of pale yellow, delicate needles 
decomposing at 228-30°. It is practically insoluble in cold water, spar- 
ingly in hot, more soluble in hot alcohol or glacial acetic acid and readily 
in methyl! alcohol.®* 


2 or 6-Nitro-4-methylphenylarsonic acid, which results on treating 
3-nitro-p-toluidine according to Bart’s method, forms faintly yellow, 
minute rods, m. p. 255-60° with decomposition; very sparingly soluble 
in cold water, alcohol or acetic acid but more soluble on boiling.**? 


3 or 6-Nitro-4-methylphenylarsonic acid may be obtained either from 
2-nitro-p-toluidine by Bart’s reaction,*** or by slowly nitrating 4-methyl- 
phenylarsonic acid with a mixture of concentrated sulfuric and fuming 
nitric acids at low temperature.’** It crystallizes from hot water in 
lustrous needles which do not melt below 300° and intumesce at higher 
temperatures. The acid is readily soluble in hot water, acetic acid, 
methyl or ethyl alcohol, less so in benzene or chloroform, difficultly in 
cold water, acetic acid or acetone and insoluble in ligroin or ether. 
When heated it loses water, but decomposition begins before one molecule 
is split off. : 


Salts—The alkali salts are not crystallizable; the silver salt is a 
white amorphous powder; the barium salt consists of small white needles, 
while the calcium and cobalt salts form small lustrous leaflets and 
violet crystals respectively. The latter two, together with the cupric 
salt, have the same general composition, O.N.C.H;(CH,) AsO,R. HO, 
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the molecule of water being so firmly held that it cannot be removed 
without partial decomposition of the salts.°*° 


?-Nitro-2,4-dimethylphenylarsonic acid, O.N.C,H»(CH;)2AsO(OH)s, 
prepared by nitrating the corresponding arsonic acid with fuming nitric 
acid at low temperature, crystallizes in short, white needles melting at 
207°, decomposing with intumescence above 306° and readily soluble 
in water, though less so in alcohol or ether. Its silver salt has been 
prepared.®”* 


?-Nitro-2,5-dimethylphenylarsonic acid, similarly produced, crystal- 
lizes from alcohol in white needles, m. p. 205°; difficultly soluble in water 
but much more easily in alcohol. On heating with phosphorous acid 
in a sealed tube, the corresponding arseno-compound is obtained.*** 


4-Nitro-2,5-dimethylphenylarsonic acid is obtained from 2,5-dimethyl- 
p-nitraniline by Bart’s reaction. It crystallizes from 50 per cent acetic 
acid in pale yellow, spindle-shaped prisms, wedge-shaped platelets, or 
long, flat plates melting with decomposition at 290°, sparingly soluble 
in boiling water but readily so in hot alcohol or acetic acid. It is not 


926 


identical with the preceding isomer.’ 


4-Nitro-a-naphthylarsonc acid, O.N.C,,)HsAsO(OH)., from a-nap- 
thylarsonic acid and warm nitric acid (d, 1.4), separates from alcohol 
in small, pale yellow needles soluble in methyl, less so in ethyl alcohol, 
difficultly in hot water and practically insoluble in cold. Mineral acids 
produce a precipitate which redissolves in an excess of the reagent. The 
arsenic is completely removed either by heating with concentrated 
hydrochloric acid at 120° for 3-4 hours; by fusion with solid potassium 
hydroxide; or by treatment with phosphorus pentachloride, but only to 
a shght extent by bromine and not at all by iodine.®®” 


4-Chloro-3-nitrophenylarsonic acid, (ON) (Cl)CsH,AsO(OH)», is 
prepared from 4-chloro-m-nitraniline by Mouneyrat’s modification of 
Bart’s method,*® or by nitrating 4-chlorophenylarsonic acid,°°? and 
crystallizes from dilute alcohol in the form of white leaflets which on 
heating decompose with intumescence. On boiling with aqueous caustie 
potash, the chlorine is replaced by a hydroxyl. 


6-Chloro-3-nitrophenylarsonic acid, made by nitrating 2-chlorophenyl- 
arsonic acid, consists of white needles difficultly soluble in water, easily 
in hot alcohol and intumescing on heating.*®! 


4-Bromo-3-nitrophen ylarsonic acid may be prepared from 4-bromo- 
aniline by Mouneyrat’s modification of Bart’s method.*® 
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4-Chloro-5-nitro-2-methylphenylarsonic acid, 
(Cl) (ON) C,H. (CH;) AsO (OH), 


separates in white, lustrous leaflets on nitrating the corresponding arsonic 
acid with nitric-sulfuric acid at 30-40°, but when recrystallized from 
water, it forms beautiful scales melting at 215°. On warming with 
aqueous caustic soda for 15 minutes, diluting and then acidifying, a 
flocculent, brown stilbene-dye results.?°* 


4,4’-Dichloro-5,5'-dinitro-2,2’-stilbenediarsonic acid, 
(H,O0,As) (O2N) (Cl) C,H..CH = HC.C,H, (Cl) (NO,) (AsO,H.), 


a white crystalline powder sparingly soluble in hot water, is obtained 
upon warming the preceding arsonic acid with sodium hydroxide and 
hypochlorite at 90° for five minutes and acidifying with hydrochloric 
icicy 75° 


4-Chloro-5-mitro-3-methylphenylarsonic acid is derived from the cor- 
responding arsonic acid by nitration with nitric-sulfuric acid, and 
crystallizes from alcohol in yellowish needles, m. p. 310°; soluble in 
dilute aqueous caustic soda.°°" 


2,4-Dichloro-5-nitrophenylarsonic acid, O.N.Cl,C,;H,:AsO(OH)., is 
obtained by nitrating the corresponding dichloro arsonic acid.*°® 


2,4-Dinitrophenylarsonic acid, (O.N).C,H,AsO(OH).—The intro- 
duction of arsonic acid groups into aromatic nuclei by Bart’s diazo- 
reaction is usually carried out in alkaline or neutral solution. With 
diazotized 2,4-dinitroaniline, however, this synthesis does not take place 
under such conditions, and can only be carried out in the presence of 
an excess of acid. 

2,4-Dinitroaniline is added to a cold mixture of concentrated sul- 
furic acid and sulfuric acid containing 59% of nitrosylsulfate, the re- 
sulting solution poured upon ice, treated with aqueous sodium arsenite, 
and the evolution of nitrogen completed by heating with steam. After 
clarifying with animal charcoal, the acid crystallizes in felted needles, 
m. p. 199-200°; moderately soluble in cold water and readily in aqueous 
alkalis, sodium acetate, glacial acetic acid, methyl or ethyl alcohol. 
The aqueous solution turns congo paper violet.’** 


4-Chloro-3,-dinitrophenylarsonic acid, (O2,N).CIC,H,AsO(OH)., is 
obtained when 4-chloro-3-nitrophenylarsonic acid is energetically nitrated 
with nitric-sulfuric acid. It consists of white crystals soluble in alcohol, 
hot water or strong hydrochloric acid.°*s 
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8-Nitro-?-(m-nitrophenyl) phenylarsome acid, 
(O.N.CgH.) CeHs (NO) AsO (OH) >. 


Formed as a by-product in the preparation of 3-nitrophenylarsonic acid 
from 3-nitraniline. It is a light brown powder soluble in alkali or 
ammonia and darkening but not melting below 260°. In concentrated 
solution a precipitate with magnesia mixture results even in the cold, 
but in dilute solution—only on boiling.**® 

AsO;H, 


4-Nitrosophenylarsonic acid, CeH, _—Atoxy] is gradually 
wo 

introduced into an ice-cold solution of neutral monopersulfuric acid, 
H.SO, (200 c.c. = 1.67 g. O), the whole rendered slightly alkaline with 
sodium carbonate, and allowed to stand for 80 minutes. Upon acidifying 
the filtrate, the nitroso compound separates in yellow crystals readily 
soluble in alkali hydroxides or carbonates, acetic acid or hot water, 
sparingly in cold water, methyl or ethyl alcohol, ether, chloroform, 
pyridine, etc. At 180° it decomposes, and intumesces at higher tempera- 
tures. Sulfurous acid reduces it to 4-aminophenylarsineoxide while with 
sodium hydrosulfite the corresponding diamino arseno compound results. 
It reacts quantitatively with phenylhydrazine (2 moles), the nitrogen 
of the latter being completely evolved. The above arsonic acid behaves 
like a typical nitroso compound: it liberates iodine from acidulated 
potassium iodide, or sulfur from hydrogen sulfide water; condenses to 
an intense reddish-brown azo compound when warmed with aniline and 
acetic acid; yields a brown coloration with ferrous sulfate and con- 
centrated sulfuric acid, and a blue color with diphenylamine sulfuric 
acid; exhibits the Liebermann reaction with phenol and concentrated sul- 
furic acid; and with B-naphthol and hydroxylamine yields first a brown 
and then a red coloration due to the formation of an azo dye.®®® It con- 
denses with p-phenylenediamine or 2,5-diaminophenylarsonic acid in 
glacial acetic acid medium to form diazo dyes containing arsenic.°3! 932 


3,4-Dimtrosophenylarsonic acid, (ON).CsH;AsO;,H,., prepared by 
heating 3-nitro-4-triazophenylarsonic acid up to 73-5°, decomposes at 
230°, is soluble in aqueous alkalis, alcohol or glacial acetic acid, but 
very difficultly so in cold water.°*° 


Azoxybenzene-4,4’-diarsonic acid, H,0,AsCsH,N — NC,H,AsO,H..— 
An aqueous solution of atoxyl is oxidized with potassium ferricyanide in 


alkaline solution, and the azoxy compound isolated as the barium salt. 
The corresponding disodium salt is a brownish powder.*%* 
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Hydrazobenzene-2,2’-diarsonic acid, 
H,0,;AsC,.H,NH.NHC,H,AsO,Hp, 


is produced together with a small amount of 2-aminophenylarsonic acid 
by the electrolytic reduction of 2-nitrophenylarsonic acid in sodium 
acetate solution. It is a light brown powder soluble in ammonia or 
concentrated acids; forms a silver mirror with ammoniacal silver nitrate 
solution; and oxidizes to the corresponding azo derivative upon ex- 
posure to the air.°% 


6. Amino Aryl Arsonic Acids——The compounds resulting from the 
introduction of an amino radical into primary arsonic acids constitute 
one of the most important groups of aromatic arsenicals, for their 
great reactivity renders them invaluable as the parent substances in the 
synthesis of many other arsenic derivatives. They may be prepared 
directly from primary amines by condensing with arsenic acid at high 
temperatures: ‘ 


C,H,NH, + H,AsO, —> C,H,NH,.H,AsO, —> 


Ta SIH eH O 
ILN~ x y-1 + 2’. 


In this procedure known as the Béchamp reaction, the arsenic enters 
the ring in the position para to the amino group. However, if this 
position is already occupied, it either enters the ortho position or no 
arsenation occurs. The amino acids may also be obtained: . 

1. By the reduction of the corresponding nitro acids with various 
reagents, such as ferrous sulfate or chloride and caustic soda, sodium 
amalgam in methyl alcoholic medium, sodium hydrosulfite at low tem- 
perature, or hydrogen under pressure in the presence of palladous 
hydroxide. 

2. By applying Bart’s reaction to aromatic diamines. 

3. From diaminoarsonic acids by diazotizing with 1 mole of sodium 
nitrite, and replacing the diazo group with a hydrogen atom by means 
of copper powder in the presence of alcohol. 

4. By hydrolyzing N-acylated aminoarylarsonic acids. 

The compounds are colorless, crystalline substances soluble in dilute 
mineral acids, alkalis, hot water, methyl or ethyl alcohol, sparingly 
in the latter three solvents at ordinary temperature or glacial acetic acid 
and generally insoluble in the other organic solvents. With potassium 
iodide and dilute sulfuric acid they usually yield 4-iodoarylamines. The 
amino arsonic acids can be readily diazotized and the diazo group re- 
placed by a hydrogen, halogen, hydroxy! or a second arsonic acid radical 
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The diazo derivatives may be coupled with various amino compounds 
or azo components, yielding diazo-amino derivatives and azo dyes 
respectively. 

The aminoarylarsonic acids can be readily acylated: 

1. By treating anhydrous sodium arsonates with anhydrous acids. 

2. By the action of acid anhydrides upon the above salts either in 
the dry form or in aqueous solution. 

3. By allowing arsonic acids to react with acid anhydrides in the 
presence of either an anhydrous salt of the acid corresponding to the 
same anhydride or a little concentrated sulfuric acid. 

4. As a result of the interaction of acid chlorides and arsonic acids 
either directly or in the presence of a reagent which combines with 
the generated hydrochloric acid, such as pyridine or caustic soda. 

5. By heating arsonic acids with various esters. 

These products are generally well-defined crystalline solids soluble 
in alkalis, and considerably less basic than the amino acids. Thus, they 
dissolve in concentrated mineral acids, but are reprecipitated upon dilu- 
tion with water. They do not exhibit the characteristic reactions of a 
primary amine, e. g., they cannot be diazotized or condensed with alde- 
hydes or sodium f-naphthoquinonesulfonate. When boiled with con- 
centrated alkalis or mineral acids the acyl radicals are split off. 

The amino acids may be alkylated directly by the usual methods, 
yielding well-defined crystalline products readily soluble in dilute acids 
or alkalis. The same products are more readily obtained by oxidizing 
the corresponding arsineoxides with red mercuric oxide im aqueous 
medium or, even better, with hydrogen peroxide in alkaline solution. 


2-Aminophenylarsonic acid (o-Arsanilic acid), H2N.CsH,AsO(OH),, 
is obtained by hydrolyzing its oxanilide with 2N-sulfurice acid and isolat- 
ing through the barium salt,°*° or by reducing 2-nitrophenylarsonic acid 
with either ferrous sulfate °*° or ferrous chloride '* in alkaline solution. 
It forms needles, m. p. 158°; readily soluble in water, glacial acetic 
acid, alkalis, mineral acids, methyl or ethyl alcohol but sparingly in 
ether. When heated with potassium iodide and dilute sulfurie acid 
at 80-5° it is converted into 2-iodoaniline. On diazotizing and coupling 
with R-salt, a reddish-orange dye is obtained, whose color is less in- 
tense than those of the dyes derived from the m- and p-isomers. The 
magnesium salt is obtained only upon boiling the free acid with 
magnesia mixture, while the silver salt, resulting upon the addition of 
silver nitrate to the sodium salt, separates at first as a curdy white 
precipitate which spontaneously changes into well-defined lustrous 
needles. 

The acid is more soluble in water; has a lower melting point; is 
more toxic and less stable than the p-isomeride. In addition, its arsonic 
acid group can be replaced by iodine at a lower temperature. When 
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warmed with benzaldehyde in alcoholic solution, the arsonic acid forms 
a condensation product, benzylidene-o-arsanilic acid, 


HO; AcO.e N= HC. C.H,, 
m. p. 228-30°.1°4 


3-Amimophenylarsonic acid (m-Arsanilic acid) —Upon reducing 3- 
nitrophenylarsonic acid with ammonium sulfide, Michaelis had found 
that both the nitro and arsonic groups were affected, resulting in the 
formation of 3-aminophenylarsinesulfide.®** Later Bertheim succeeded 
in obtaining m-arsanilic acid by treating the above sulfide with copper 
sulfate in an alkaline medium, and isolating successively through the 
zinc and sodium salts.°** The acid may also be prepared by reducing 
3-nitrophenylarsonic acid in methyl alcohol with sodium amalgam, dis- 
tilling off the solvent and isolating the compound either through the 
zine salt,°** or by acidifying with hydrochloric acid, removing the sodium 
chloride and subsequently neutralizing with sodium acetate.°*® The 
reduction of the 3-nitro acid may also be effected by means of ferrous 
hydroxide,°*** or hydrogen in the presence of palladous hydroxide.°°? 

Finally, it may be made by diazotizing 2,5-diaminophenylarsonic acid 
with one mole of sodium nitrite, and replacing the diazo group with 
hydrogen by means of alcohol and copper powder, the acid remaining 
in solution. From this it is isolated in pure form by again diazotizing, 
coupling with B-naphthol in alkaline solution, and treating the resulting 
dyestuff with sodium hydrosulfite at 25-37°.°°°  Recrystallized from 
water, it forms colorless prisms melting at 214°; less soluble in water 
than the p-isomer, very sparingly soluble in organic solvents, but readily 
in mineral acids, alkali hydroxides, carbonates or bicarbonates. Only 
two salts have been mentioned, a white silver salt and a magnesium 
salt, the latter being prepared by boiling an ammoniacal solution of 
the acid with magnesia mixture. It does not couple with diazobenzene 
or diazosulfanilic acid, but with 4-nitrodiazobenzene it yields a yellow 
dye soluble in alkali with a red color. The diazotized m-arsanilic acid 
couples with the usual azo-components, forming azo-dyes readily soluble 
in soda solution. By warming the acid with acidified potassium iodide 
no arsenic is split off, while with bromine water it does not yield tri- 
bromoaniline, but a bromoaminophenylarsonic acid (distinctions from 
the para-isomer). 


4-Amino-2 or 6-methylphenylarsonic acid, 
H,N.C.H;(CH;) AsO (OH)., 


is prepared from m-toluidine and arsenic acid by the Béchamp re- 
action; °*° or by reducing 4-nitro-2 or 6-methylphenylarsonic acid with 
ferrous sulfate’ or ferrous chloride'®! and sodium hydroxide. It 
crystallizes from water in microscopic needles and prisms, m. p. 180° 


260 ORGANIC ARSENICAL COMPOUNDS 


(Benda) darkening and decomposing at 222-24° (Jacobs). Upon di- 
azotizing and coupling with R-salt it yields an orange-red solution. 
The acid condenses with benzaldehyde and pyruvic acid forming 1-(4- 
arsono-3’-methylpheny]) -2-pheny1-4,5-diketopyrrolidine.*** 


§-Amino-2-methylphenylarsonic acid, resulting upon treatment of the 
corresponding nitro acid with ferrous sulfate and alkali, consists of 
cream-colored prisms decomposing at 235-45°, sparingly soluble in hot 
water, acetic acid, methyl or ethyl alcohol. It yields a cherry-red 
coloration on coupling its diazo solution with R-salt.®** 


§,6’-Diamino-2,2’-stilbenediarsomc acid, 
AsO;H, re H, 


The mixture of ree azoxy- and ght fen Oat acids, ob- 
tained by warming 5-nitro-2-methylphenylarsonic acid with concentrated 
aqueous caustic soda, is dissolved in dilute sodium hydroxide and re- 
fluxed for 12 hours, during which time zine dust is gradually introduced. 
The liquid is then treated with sodium hydrosulfite and filtered into 
an excess of dilute hydrochloric acid, when the crude product is obtained 
as a brown amorphous precipitate. This is purified by dissolving in 
hot aqueous sodium carbonate, decolorizing with sodium hydrosulfite, 
and transposing the resulting disodium salt with mineral acid. The 
compound consists of yellow flakes readily soluble in alkalis or excess 
of mineral acids, and forming a red Schiff base with dimethylamino- 
benzaldehyde in hydrochloric acid solution. Its disodium salt crystallizes 
with four molecules of water as bright, iridescent, yellowish- brown 
leaflets which are very hygroscopic, and dissolve readily in hot but only 
sparingly in cold water.**! 


6-Amino-2-methylphenylarsonic acid is prepared like its preceding 
isomer, and crystallizes from hot water in rosets or plates decomposing 
at 175-80°, soluble in glacial acetic acid, methyl or ethyl alcohol, but 
less so in acetone or water at ordinary temperature. Its diazo solu- 
tion does not give a strong color with R-salt.°?% 1% 


™ 4-Amino-3-methylphenylarsonic acid may be obtained by condensing 
o-toluidine with arsenic acid according to the Béchamp reaction. It 
forms tabular crystals melting at 195° (Benda), 198-200° with de- 
composition (Wellcome); is sparingly soluble in cold water, or alcohol, 


PENTAVALENT AROMATIC ARSENICALS 261 


more so on warming, insoluble in ether or benzene and readily soluble 
in dilute mineral acids, alkali hydroxides or carbonates. It may be 
diazotized and coupled with phenols. Heating with potassium iodide 
and dilute sulfuric acid converts the amino arsonic acid into the cor- 
responding iodotoluidine.®*® °° 948 

-The acid forms a cream-colored condensation product with benzalde- 
hyde (Benzylidene-4-amino-3-methylphenylarsonic acid), 


CH, 
ve 
H.O.AcC.H: ) 
N= HC. C,H, 


m. p. 202-5° with decomposition, while with 4-chlorobenzaldehyde there 
is obtained 4’-chlorobenzylidene-4-amino-3-methylphenylarsonic acid, a 
pale yellow powder melting at 255-60° with decomposition. The 
amino acid can be readily converted into the acetylamino derivative by 
treatment with acetic anhydride. 

The sodium salt (“Kharsin”), H.N.C,H;(CH;) AsO.0OH.ONa, which 
crystallizes from alcohol with 34H,O and from water with 5H,0, is 
readily soluble in water, sparingly in alcohol and insoluble in ether 
or benzene.*** 


6-Amino-3-methylphenylarsonic acid, from p-toluidine by direct 
arsenation at 195-200°, consists of felted needles, m. p. 176°; readily 
soluble in hot water, methyl or ethyl] alcohol, sparingly in cold water, 
very sparingly in ether and insoluble in benzene.**® 


2 or 6-Amino-4-methylphenylarsonic acid may be obtained by re- 
ducing the corresponding nitro compound with ferrous sulfate and sodium 
hydroxide. It forms colorless needles melting at 180°, readily soluble 
in water, glacial acetic acid, methyl or ethyl alcohol but sparingly in 
acetone or ether. When diazotized and coupled with R-salt, it forms 
a weak orange-red dye.**? 


3-Amino-4-methylphenylarsonic acid, prepared like the previous com- 
pound, exists as microscopic needles melting at 172-5°, sparingly soluble 
in water, acetic acid, methyl or ethyl alcohol at ordinary temperatures, 
but readily on warming. Its diazo solution gives a cherry-red colora- 
tion with R-salt.°?8 


4-Amino-2,5-dimethylphenylarsonic acid, 
H,N.C,H,(CH;).AsO(OH)., 


produced by arsenating p-xylidene,**° or by reducing the corresponding 
nitro compound with alkaline ferrous sulfate,°*” crystallizes from water 
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in practically colorless platelets containing 1H,O. The anhydrous sub- 
stance melts at 215°. 


2-Amino-3,5-dimethylphenylarsonic acid, obtained by  arsenating 
m-xylidene, is a microcrystalline: powder melting at 199-200°, readily 
soluble in hot water, methyl or ethyl alcohol, sparingly in cold water 
and practically insoluble in ether or benzene. When warmed with 
potassium iodide and dilute sulfuric acid, it is converted into 1-iodo-2- 
amino-3,5-dimethylbenzene.?** 


4-Amino-a-naphthylarsonic acid, H.N.C,)H,AsO(OH)., is derived 
from dry a-naphthylamine by the Béchamp reaction, and crystallizes in 
prisms melting at 175°, readily soluble in hot water or alcohol, sparingly 
in ether and insoluble in chloroform or petroleum. It may be diazotized 
and coupled with various azo-dye components. The alkali salts are very 
soluble in water, from which they are precipitated by alcohol.?*® °#% °° 


4-Ammoanthraquinonearsonic acid, 
Se ie, ee 
ae CO ir 
NH, 


is prepared from 1,4-diaminoanthraquinone by Bart’s method, and iso- 
lated through the sodium salt. It is a vermilion-colored crystalline 
powder decomposing at 278° without melting, almost insoluble in boil- 
ing water, completely so in methyl or ethyl alcohol, and soluble in con- 
centrated ammonia, N-caustic soda, 2N-sodium carbonate or hot sodium 
acetate, concentrated sulfuric acid or hot 5N-hydrochloric acid, the 
hydrochloride separating from the latter in reddish-gray crystals. Its 
diazo compound, best prepared with “Nitrose”’ * in concentrated sulfuric 
acid, couples red with R-salt and yellow-orange with resorein. With 
magnesia mixture the ammoniacal solution of the arsonic acid gives a 
red precipitate even in the cold, while barium hydroxide produces a 
fiery-red precipitate. The sodium salt crystallizes in brick red needles 
containing water of crystallization and is soluble in hot water.®°° 


7. Derivatives of Amino Aryl Arsonic Acids.—2-diazophenylarsonic 
acid, H,O,AsC,H,.N =N.OH, is obtained as a stable, pale yellow 
liquid by diazotizing a fuming hydrochloric acid solution of o-arsanilic 
acid with sodium nitrite at — 8°.°°! 


* A solution of nitrosylsulfuric acid in sulfuric acid, formed in the lead-chamber 
process. 
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Diazo-2-methylphenyl-(4-arsonic acid) -p-aminophenoxyacetic methyl 
ester is obtained as a sodium salt by diazotizing 2-methyl-4-amino- 
phenylarsonic acid, adding a large excess of saturated sodium acetate 
solution and coupling with the hydrochloride of 4-aminophenoxyacetic 
methyl ester. It crystallizes in spherules of drab, microscopic needles. 
The free ester acid forms flat needles decomposing at 130-2°. 

The free p-aminophenoryacetic acid derivative has not been obtained 
crystalline. Its disodium salt separates from water-alecohol as minute 
brownish leaflets.%°? 


Diazo-2-bromophenyl-(4-arsonic acid)-p-aminophenoxyacetic methyl 
ester, prepared in a similar manner from diazotized 3-bromo-4-amino- 
phenylarsonic acid and the above amino ester hydrochloride, forms 
spherules of brownish needles intumescing at 123-5°. The sodium salt 
crystallizes in pinkish, hair-like, microscopic needles. 


The free p-aminophenoxyacetic acid derivative is obtained as drab- 
colored microscopic crystals intumescing at 130°. Its disodium salt con- 
sists of spherules of minute crystals.%? 


o-Azobenzenediarsonic acid, 


ws eee wae 
s ee 
Sine NOE wade, 


is obtained either by reducing 2-nitrophenylarsonic acid with zine dust 
and ammonia in the presence of ammonium chloride, or as a by-product 
in the preparation of diphenylarsinic acid-o-arsonic acid or o-phenylene- 
diarsonic acid. It crystallizes in yellow to orange-yellow needles, m. p. 
272°; soluble in caustic alkali and practically insoluble in water or 
organic solvents.®°* 


m-Azobenzenediarsonic acid.—im-Arsanilic acid is diazotized, treated 
with sodium arsenite at 0°, slowly warmed up to 40-50°, and finally 
acidified with hydrochloric acid. On concentrating the filtrate the crude 
product separates as a reddish-brown powder, which may be purified 
through the sodium salt. The free acid crystallizes in long, orange- 
yellow needles very easily soluble in water and not melting below 240°. 
Its sodium salt consists of orange-yellow needles containing 11 molecules 
of water of crystallization.?** 


2-Hydroxynaphthaleneazobenzene-3’-arsonic acid, 
HO - Crete . N — N ‘ CallsasO.lH., 


may be prepared from m-arsanilic acid by diazotizing and coupling 
with f-naphthol, or indirectly from 2,5-diaminophenylarsonic acid by 
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diazotizing with one molecular proportion of sodium nitrite, treating 
with alcohol and copper bronze, diazotizing with another mole of sodium 
nitrite, and finally coupling with alkaline B-naphthol. The product is 
a red powder soluble in hot water or dilute aqueous soda. When reduced 
with alkaline hydrosulfite, it yields m-arsanilic acid.°°° 


2-Amino-3,6-disulfonaphthalene-1-azobenzene-3'-arsomic acid, 
(HN) (SO,H) AB ala, : N — N ° @,HAs0,8,, 


is formed upon diazotizing m-arsanilic acid and coupling with (-naph- 
thylamine-3,6-disulfonic acid.>* 


4-Dimethylaminobenzene-2’ -azotoluene-5’-arsonic acid, 
(CH aN iC. Ha. N = NC. (CH) Aan 


results upon diazotizing 4-amino-3-methylphenylarsonic acid (2-amino- 
tolyl-5-arsonic acid), and coupling with dimethylaniline in acid solution. 
It is a red crystalline powder forming salts with both acids and bases. 
Its monosodium salt, containing 5H.O, is a red crystalline powder mod- 
erately soluble in hot water, while the disodium salt is a red powder 
soluble in cold water, and contains 4H,0.°* 


4-Hydroxybenzene-2’ -azotoluene-5’-arsonic acid, 
HO. O.0,, N= N. Cer (Gi Actes. 


is prepared like the preceding compound by coupling with an alkaline 
solution of phenol. The product is a light red, crystalline powder prac- 
tically insoluble in boiling water or the usual organic solvents but 
readily soluble in alkalis. Its monosodium salt, which crystallizes from 
water in red leaflets containing 2$H.O, is sparingly soluble in cold and 
moderately soluble in hot water. The disodium salt is a water-soluble 
red powder containing 44H.0.°* 


2-Aminoazonaphthalene-4’-arsonic acid, 
HeNCG yen — ING oH eAsOnclee 


obtained as a hydrochloride by diazotizing 4-aminonaphthylarsonic acid 
and coupling with ®-naphthylamine hydrochloride, is a dark red pre- 
cipitate soluble in excess of aqueous alkali.5°° 


4-Sulfoazobenzene-5’-amino-2’-arsonic acid is a light brown powder 
resulting upon diazotizing sulfanilic acid and coupling with p-arsanilic 
acid in alkaline solution. The product yields a lustrous, brownish-black 
powder when diazotized and coupled with an alkaline solution of H 
acid 8? 
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2-Hydroxynaphthaleneazobenzene-2 -hydroxy-4’ -arsonic acid, 
(HO) C,,.H.N = NC,H; (OH) AsO,Hy. 


3-Nitro-4-aminophenylarsonic acid is diazotized, treated with sodium 
acetate to replace the nitro group by a hydroxyl, and the resulting 
product coupled with alkaline B-naphthol. The dye acid consists of 
lustrous red crystals which may be reduced to 4-amino-3- hy droxypheny1- 
arsonic acid either by sodium hydrosulfite at 25-40° or aluminium powder 
at 40-60°. At 65-70° hydrosulfite reduces the above dye to 4,4’-diamino- 
3,3’-dihydroxy arsenobenzene.°** 


2,4,6-Trihydroxyazobenzene-6’ -hydroxy-3'-arsonic acid, 
(HO),C,.H.N = NC,H; (OH) AsO,H,, 


is prepared by coupling diazotized 3-amino-4-hydroxyphenylarsonic acid 
with phloroglucinol.®*! 


2-Hydroxynaphthaleneazobenzene-6’ -hydroxy-3'-arsonic acid is a 
bright red, alkali-soluble precipitate obtained by diazotizing 3-amino-4- 
hydroxyphenylarsonic acid and coupling with alkaline B-naphthol.**? 


2-Amino-6-sulfo-8-hydroxynaphthaleneazobenzene-6” -hydroxy - 3’ -ar- 
sonic acid, obtained lke the preceding compound by coupling with 
2-amino-6-sulfo-8-hydroxynaphthalene (Gamma Acid), is a lustrous, 
purplish-black powder.°*? 


1-Amino-8-hydroxy-3’ ,6-disulfonaphthaleneazobenzene-6’ -hydroxy-3’ - 
arsonic acid—A lustrous, purplish-black product obtained by treating 
4-hydroxy-3-diazophenylarsonic acid with an alkaline solution of H 
gerd.°°? 


8. N-Substituted Derivatives of Amino Aryl Arsonic Acids.—4-Acetyl- 
amino-2-methylphenylarsonic acid, H.O,AsCgH;(CH;) NHCOCHs, pro- 
duced by acetylating the corresponding arsonic acid with acetic anhy- 
dride and a little concentrated sulfuric acid, crystallizes in colorless 
prisms more soluble in water than the 3-methyl isomer. It darkens 
at 240°, but is not entirely decomposed at 350°.°°° 


4-Acetylamino-3-methylphenylarsonic acid separates as slender 
needles or acicular prisms on reacting sodium-4-amino-3-methylpheny|- 
arsonate with acetic anhydride. It decomposes at 306° without previous 
melting, is insoluble in water, alcohol, ether, or dilute acids, but dis- 
solves readily in methyl alcohol (Wellcome), or alkalis.°*° °° Its mono- 
sodium salt (“Orsudan”) crystallizes from 50 per cent alcohol with 5, 
and from water with 7H,0.°** 
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4-Acetylamino-2,5-dimethylphenylarsonc acid, 
H,0,AsC,H,(CH;) .2NHCOCHs, 


crystallizes from water in prisms, turning brown at 240° and decompos- 
ing with frothing at 278°.°°° 


3-Carbethoryaminophenylarsonic acid, H.O,AsC,Hs,NHCOOC.H,, is 
obtained as beautiful needles melting with decomposition at 180°, upon 
adding ethylchlorocarbonate to a sodium carbonate solution of 
m-arsanilic acid at 0-5°, and finally acidifying.*** 
AsO(OH)> 


6-Oxalylamino-3-methylphenylarsonic acid, C,H; — CH; ; 


NHCOCOOH 


is made from the sodium salt of the corresponding arsonic acid and 
oxalic acid by heating at 130-40° until all the water is removed, then 
further at 160° until pulverulent, and finally acidifying with hydrochloric 
acid. The anhydrous product is sparingly soluble in hot alcohol, ethyl 
acetate or acetone, more readily in hot water, and easily in 50 per cent 
acetic acid, from which it crystallizes in elongated rhombic prisms. On 
nitration with nitric-sulfuric acid, 5-nitro-6-amino-3-methy!phenyl- 
arsonic acid results.° 


0,0’-Diarsono-oxanilide |N,N’-Oxalylbis-o-arsanilic acid], [2-Amino- 
phenylarsonic acid oxanilide|, CO.HNC,H,AsO;H2, is obtained when 


| 
CO.HNC,H.AsO;H, 


2,5-diaminophenylarsonic acid oxanilide is diazotized, and then warmed 
with alcohol and copper bronze at 55-60°. Leaflets with a silvery 
luster.°®° 


4-Carbamido-3-methylphenylarsonic acid, 
H,O,;AsC, HH. ) 
NHCONH, 


is prepared by acidifying an aqueous solution of sodium 4-amino-3- 
methylphenylarsonic acid and potassium cyanate with acetic acid, and 
saturating, after 24 hours, with hydrochloric acid.°% 
N-4-Allylthiocarbamido-2-methylphenylarsonic acid, 
H,O;,;AsC,.H; (CH;) NHCSNHC,H,, 


derived from 4-amino-2-methylphenylarsonic acid and_ allylthiocarb- 
imide in methy! alcohol, decomposes at 170°.°° 
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2-Methylphenyl-(4-arsonic acid) glycine, 
H,0;AsC.H; (CH,) NHCH.COOH, 


from sodium 4-amino-3-methylphenylarsonate and chloroacetic acid, 
melts with decomposition at 220°, is very sparingly soluble in hydro- 
chloric acid, but readily in hot water, alkalis or alcohol.®?° 


N-(Phenyl-2-arsonic acid) glycineamide, 
H,O,;AsC,H,NHCH,CONH,, 


as formed when o-arsanilic acid, dissolved in N-sodium hydroxide solu- 
tion, is treated with chloroacetamide. Unlike the meta and para isomers, 
this acid is not displaced completely from its salts by so weak an 
acid as acetic. The substance consists of long, thin, narrow plates 
soluble in hot 50 per cent alcohol or boiling water, sparingly in hot methyl 
or ethyl alcohol and decomposing on rapid heating at 198-9°.°* 


N-(Phenyl-3-arsonic acid) glycineamide results on boiling m-arsanilic 
acid and chloroacetamide in N-sodium hydroxide solution. Prismatic 
needles, readily soluble in hot glacial acetic acid, methyl or ethyl alcohol 
or warm water, quite soluble in cold water, but practically insoluble 
in hot acetone. When rapidly heated to 170° and then slowly, the 
substance melts at 175-7° to a liquid filled with bubbles.°* 


N-(2-Methylphenyl-4-arsonic acid) glycineamide, 
H,O;,AsC,H; (CH;) NHCH,CONH,, 


from 4-amino-3-methylphenylarsonic acid and chloroacetamide. It forms 
aggregates of glistening platelets, which decompose at about 283° with 
previous darkening; are sparingly soluble in boiling water, but more 
readily so in boiling 50 per cent alcohol.*® 


N-(2-Methylphenyl-5-arsonic acid) glycineamide, similarly prepared 
from 3-amino-4-methylphenylarsonic acid, consists of delicate interlaced 
needles which do not melt below 285°, and are soluble in methy! alcohol, 
warm water, ethyl alcohol or acetic acid.?® 


N-(3-Methylphenyl-4-arsonic acid) glycineamide, similarly obtained 
from 4-amino-2-methylphenylarsonic acid, is soluble in boiling 50 per 
cent alcohol or water, separating from the latter in lustrous, diamond- 
shaped platelets, which melt at 203-5° with gas evolution.°* 


N-(2,5-Dimethylphenyl-4-arsonic acid) glycineamide, 
H,O,AsC,H. (CH;).NHCH,CONH). 


From 4-amino-2,5-dimethylphenylarsonic acid by boiling with chloro- 
acetamide in alkaline solution, and acidifying with hydrochloric acid. 
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The compound consists of aggregates of slightly brownish plates and 
prisms sparingly soluble in cold water, acetic acid or 50 per cent alcohol, 
but more easily on boiling. On rapid heating it melts and decomposes at 
236-7° with preliminary darkening and softening.*® 


N-(Phenyl-8-arsonic acid) glycine methylamide, 
H,0;,AsCsHsNHCH,CONHCH,, 


is formed on boiling chloroacetylmethylamine with a solution of sodium- 
m-arsanilate. It exists as microscopic needles or platelets readily soluble 
in hot water or 50 per cent alcohol but sparingly in cold. When rapidly 
heated it darkens and melts at 193-4.5° with gas evolution.®** 


N-(Phenyl-2-arsonic acid) glycineanilide, 
H,0,AsCsH,.NHCH,CONHC,H,, 


from sodium-o-arsanilate and chloroacetanilide, crystallizes in radiating 
masses of minute prisms with 1H,O. The anhydrous substance softens 
at 158°, melts at 160-3° with slow gas evolution; dissolves readily in 
boiling 50 per cent alcohol, warm acetic acid or cold methyl alcohol, 
sparingly in cold alcohol or acetic acid, and very difficultly in boiling 
water.°% 


N-(Phenyl-8-arsonic acid) glycineanilide is obtained from m-arsan- 
ilic acid and chloroacetanilide in the form of rosets of minute, cream- 
colored prisms, containing solvent of crystallization. On rapid heating 
it decomposes at 217-18° with preliminary darkening and softening. 
It is readily soluble in hot acetic acid or 50 per cent alcohol, fairly 
soluble in cold 95 per cent alcohol, and sparingly in hot water.°* 


N..(Phenyl-2-arsonic acid) glycyl-2’-aminophenol, 
H,O,;AsC,H,NHCH,CONHC,H,OH. 


From o-arsanilic acid and o-chloroacetylaminophenol by boiling in 
sodium hydroxide solution for one-half hour. It exists as glistening 
needles containing $H,O, and, when anhydrous melts with decomposition 
at 151-3°. From hot water, in which it is but sparingly soluble, it 
separates on cooling as long, silky needles fairly readily soluble in cold 
methyl or ethyl aleohol, and more so in hot 50 per cent alcohol. An 
alkaline solution couples readily with diazotized sulfanilic acid.%%* 


N-(Phenyl-2-arsonic acid) glycyl-3’-aminophenol, prepared in like 
manner from m-chloroacetylaminophenol, consists of bundles of pink 
microscopic platelets which, when air-dried, contain approximately 2H.O 
and melt at 103-5°. The anhydrous substance softens at about 125-30°, 
and melts with decomposition at about 180°. It is readily soluble in 
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methyl or ethyl alcohol, acetic acid or hot water, and in alkaline solution 
couples readily with diazotized sulfanilic acid.%** 


N-(Phenyl-2-arsonic acid) glycyl-4’-aminophenol. — Equimolecular 
proportions of o-arsanilic acid and p-chloroacetylaminophenol yield a 
heavy powder consisting of short, colorless, microscopic platelets. When 
rapidly heated the acid darkens and then melts with decomposition at 
208-9°. It is easily soluble in boiling methyl or 50 per cent ethyl 
alcohol, but very sparingly in boiling water.®*® 


N-(Phenyl-3-arsonic acid) glycyl-2’-aminophenol. — Almost. color- 
less, flat, microscopic needles from m-arsanilic acid and o-chloroacety]- 
aminophenol. When rapidly heated to 185°, then slowly, it darkens and 
softens, finally melting with decomposition at 190-2°. It is sparingly 
soluble in cold water, 50 per cent or 95 per cent alcohol, more easily on 
warming, and is readily soluble in cold methyl] alcohol or boiling acetic 
acid. A solution of the acid in strong ammonium acetate slowly deposits 
the ammonium salt as minute needles. Although hydrochloric acid 
reprecipitates the acid from its salts as a gummy mass, an excess of 
acetic acid causes no immediate precipitation, but on long standing the 
arsonic acid separates slowly and incompletely as crusts of broad, 
microscopic needles.°°* 


N-(Phenol-3-arsonic acid) glycyl-3’-aminophenol, prepared from 
m-arsanilic acid and m-chloroacetylaminophenol, is a light purple powder 
consisting of minute, irregular platelets and flat needles containing about 
1$H.O. On rapidly heating to 150° the anhydrous substance sinters 
to a tar which decomposes at 180-90°. In the cold it dissolves more 
readily in methyl alcohol than in the other solvents, is fairly easily 
soluble in hot water, alcohol or acetic acid, and practically insoluble 
in acetone, benzene or ether.°°° 


N-(Phenyl-8-arsomc acid) glycyl-4’-aminophenol_—From m-arsanilic 
acid and p-chloroacetylaminophenol. On rapidly chilling its hot con- 
centrated aqueous solution it separates as a milky emulsion which then 
very slowly crystallizes, partly as a hydrate; on slow cooling, however, 
anhydrous microscopic platelets are obtained. It decOmposes at 180° 
with previous sintering and darkening, is easily soluble in boiling water 
or hot ethyl alcohol, appreciably so in methyl alcohol, but sparingly in 
cold water or hot acetone. It dissolves in warm, dilute hydrochloric 
acid, but on the addition of more concentrated acid the hydrochloride 
gradually separates.°’° 


N-(2-Methylphenyl-4-arsonic acid) glycyl-3’-aminophenol, 
H,O,AsC.H; (CH,) NHCH,CONHC,H,OH, 


is obtained from sodium 4-amino-2-methylphenylarsonate and m-chloro- 
acetylaminophenol as long, flat, microscopic needles practically insoluble 
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in boiling water, appreciably soluble in hot 50 per cent alcohol, and 
decomposing at 285° with preliminary darkening. Its alkaline solution 
couples readily with diazotized sulfanilic acid.°*° 


N-(2-Methylphenyl-4-arsonic acid) glycyl-4’-aminophenol, prepared 
like the preceding isomer, exists as microscopic, spindle-shaped needles, 
very sparingly soluble in boiling water, slightly more so in hot 50 per 
cent alcohol and decomposing at 232-3° with preliminary darkening.*”° 


N-(3-Methylphenyl-4-arsonic acid) glycyl-3’-aminophenol is _ pre- 
pared like the two preceding isomers, starting with 4-amino-2-methyl- 
phenylargonic acid. Aggregates of spindle-shaped microcrystals very 
sparingly soluble in boiling water or alcohol, more readily in hot 50 per 
cent alcohol, and decomposing at 232-5° with preliminary softening and 
darkening. Its alkaline solution couples readily with diazotized sul- 
fanilic acid.°™ 


N-(2-Carboxyphenyl-4-arsonic acid) glycyl-3’-aminophenol, 
HOOC (H,0;As) CsH;NHCH,CONHC,H,OH, 


results upon boiling for one hour a mixture of alkaline 4-amino-3-car- 
boxyphenylarsonic acid, acetic acid and m-chloroacetylaminophenol, the 
compound finally separating as thin, minute platelets containing one 
molecule of water of crystallization. The substance is practically 
insoluble in boiling water, somewhat soluble in hot alcohol or 50 per cent 
alcohol, and fairly readily in boiling methyl alcohol or glacial acetie 
acid. When rapidly heated the anhydrous acid darkens and swells, 
then decomposes at 204-7°. Its alkaline solution couples readily with 
diazotized sulfanilic acid.°™ 


N-(Phenyl-2-arsonc acid) glycineureide, 
H,O,AsC,H,NHCH,CONHCONH,, 
precipitates upon boiling an alkaline solution of o-arsanilic acid with 
chloroacetylurea. Minute, delicate needles, almost insoluble in the usual 
neutral solvents, and melting with decomposition at 231-2° with pre- 
liminary softening and yellowing.’” 


N-(Phenyl-8-arsonic acid) glycineureide, from m-arsanilic acid like 
the corresponding ortho compound, separates as colorless microscopic 
needles frequently grouped in bundles. It is soluble in boiling water or 
50 per cent alcohol crystallizmg from the former in rosets of minute 
needles decomposing at 208-9° with preliminary softening.®7$ 


N-(3-Methylphenyl-4-arsonic acid) glycineurerde, 
H,O,AsC.H; (CH;) NHCH,CONHCONH,. 


Delicate needles from 4-amino-3-methylphenylarsonie acid and chloro- 
acetylurea in alkaline solution. The substance is sparingly soluble in 
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boiling water or 50 per cent alcohol, and decomposes on rapid heating 
at about 235°. The sodium salt, containing 2H.O, separates as glisten- 
ing plates on adding alcohol to the carefully neutralized acid.” 


N-(2-Hydroxyphenyl-5-arsonic acid) glycineureide, 
H,0,AsC,H; (OH) NHCH,.CONHCONH.. 


Produced as above from 3-amino-4-hydroxyphenylarsoniec acid and 
chloroacetylurea. Flat, minute, almost colorless, glistening needles con- 
taining between one and one and one-half molecules of water or crystal- 
lization. When anhydrous it decomposes at 203-5°.°*4 


N- (Phenyl-2-arsonic acid) glycinemethylureide, 
H,O;AsC,H,NHCH.CONHCONHCH,, 


results on boiling an alkaline solution of o-arsanilic acid with a-chloro- 
acetyl-B-methylurea until almost solid, and finally heating on a water 
bath. It forms balls of minute needles which readily dissolve in boiling 
acetic acid, sparingly in boiling water, alcohol or methyl alcohol, and 
decompose at 218° with shght preliminary softening and darkening.®” 


N-(Phenyl-3-arsonc acid) glycinemethylureide—From m-arsanilic 
acid and a-chloroacetyl-p-methylurea. It melts with decomposition at 
213-3.5°; is sparingly soluble in boiling water or 50 per cent alcohol, 
depositing from the former in rosets of delicate needles.°** 


N-(3-Methylphenyl-4-arsomic acid) glycine-methylurerde, 
H,O0,AsC,H; (CH;) NHCH,.CONHCONHCH,, 
results on boiling sodium-4-amino-3-methylphenylarsonate with a-chloro- 
acetyl-B-methylurea for one hour. It is sparingly soluble in hot water 
and readily in boiling 50 per cent alcohol, separating from the former 
as hair-like needles, and from the latter as radiating masses of minute 
needles. When rapidly heated it decomposes at 218-9°.°% 


4-Dimethylamino-2-methylphenylarsonic acid, 
(CH;)2.NC,H;(CH;) AsO (OH), 
prepared by oxidizing the corresponding arsineoxide, decomposes at 
225° 


4-Dimethylamino-3-methylphenylarsonic acid results on oxidation 
of the corresponding arsineoxide with an aqueous suspension of red 
mercuric oxide. It forms gray leaflets, m. p. 245°.°"° 


4-Dimethylamino-2,5-dimethylphenylarsonic acid, 
(CH;)2NC,H. (CHs) 2AsO;H, 


decomposes at 216°.°7 
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2-Dimethylaminonaphthylarsonic acid, (CHs3)2NC,.HsAsO(OH)2, 


decomposes at 309°.°*® 


4-Dimethylaminonaphthylarsonic acid decomposes at 192°.°° 


9. p-Arsanilic Acid and Its Derivatives—4-Aminophenylar sonic 
Acid (p-Arsanilic Acid). 

In 1863 there appeared a publication by Béchamp ** in which he 
described a colorless product obtained by heating aniline arsenate at 
190-200°. He assumed it to be an acidic anilide of the formula 
C,,HsAsO,N, which in the light of subsequent developments in organic 
chemistry, would be represented by the constitutional formula, 
C.H;.NH.As(OH).. Béchamp also noted that his new compound 
behaved like a monobasic acid which was not hydrolyzed by aqueous 
caustic potash and formed well-defined sodium, potassium, barium and 
silver salts. The above formula was accepted as correct for the next 40 
years, when an arsenical by the name of ‘“‘Atoxyl” began to find applica- 
tion in therapeutics, and because of its valuable spirocheticidal properties 
became the subject of numerous investigations. In 1907 Ehrlich °°° 
claimed this drug to be identical with the monosodium salt of Béchamp’s 
acid, except that it contained four instead of five molecules of water of 
crystallization; Fourneau **' regarded it as the monosodium salt of the 
anilide of ortho arsenic acid containing 2H,0, whose formula was 


ONa 
C.H;.NH.AsO .2H.O, while a sample of the same compound inves- 


OH 
tigated by Moore, Nierenstein and Todd °*? was found to contain 3H.O. 
It remained for Ehrlich and Bertheim to prove the real structure of 
atoxyl, which they declared to be the monosodium salt of p-aminopheny]l- 
arsonic acid whose constitution may be expressed by the graphic formula: 


As conclusive evidence of their claims, they offered the following con- 
siderations: 
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1. On boiling an aqueous solution of the compound with alkalis, 
concentrated hydrochloric or 30 per cent sulfuric acid no aniline is split 
off, decomposition occurring only on heating the aqueous solution above 
its boiling point under pressure or by fusion with caustic alkalis. This 
is contrary to the behavior of ordinary anilides which are readily hydro- 
lyzed. 

2. The presence of a primary amino group can be demonstrated by 
the fact that it behaves like an aromatic amine, without losing its arsenic. 
Thus, it may be readily diazotized, and the resulting diazo compound 
coupled with amines or phenols to form azo dyes; it can be acetylated; 
and it yields an intensely red condensation product with sodium 
B-naphthoquinonesulfonate. 

3. Like typical arsonic acids, its ammoniacal solution yields no 
precipitate with magnesia mixture or calcium chloride in the cold, but 
only at boiling temperature. 

4. The relative positions of the arsonic acid and amino groups may 
be demonstrated upon replacing the first with iodine by means of hydr- 
iodic acid, when p-iodoaniline is obtained. 

They also explained the reactions involved in preparing p-amino- 
phenylarsonic acid from aniline and arsenic acid, saying that aniline 
arsenate is first formed, which upon further heating undergoes a 
molecular rearrangement, the arsonic acid radical entering the para 
position: 


C.H;NH, + H,AsO, —— C,.H;NH..H;,AsO, —> 
AsO(OH), 


C,H; -- H.0O; 
NH, 


On account of the similarity of this reaction with that occurring in the 
preparation of sulfanilic acid, they named the above arsonic acid 
“Arsanilic Acid.” 8 

4-Aminophenylarsonic acid has served as the starting point for the 
preparation of a great number of new arsenicals. Thus, the hydrogen 
of the amino group has been replaced by various acyl and alkyl groups. — 
In addition to the simple substituents, products have been obtained by 
condensing p-arsanilic acid or its sodium salt with chloro- fatty acids, 
acid amides, or chloroacylated alkyl- or arylamines; with a-chloro- 
acetyl ureas and various 6-alkyl or aryl derivatives of the same, 
CICH,.CO.HN.CO.NHR;; with aromatic chloroacetylamino compounds, 

Cl 


28 
CICH,CONHBR;; with a-phenylchloroacetylamines, CH.CO.NHR’, 
C.H; 
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and with chloroarylhalides containing the halogen in the side chain. 

Furthermore, it can be chloroacetylated, and the halogen of the acetyl 

group replaced by amino derivatives, yielding compounds of the type 
AsO,H, 


CoH, . One of the most interesting of these numer- 


< 
NH.COCH,NHR 
ous derivatives is N-phenylglycineamide-p-arsonic acid (“Trypar- 
AsO;H, 


samide”), C.H, , which has been the subject of con- 


NH.CH,CONH, 
siderable investigation in the treatment of trypanosome and spirochete 
infections. 

p-Arsanilic acid can be readily diazotized and the resulting diazonium 
salt converted into well-defined diazo amino compounds by coupling 
with dialkyl or simple aryl amines, aminobenzoic acids, aryl glycines or 
aminophenoxyacetic acids. The coupling with secondary aliphatic- or 
simple arylamines proceeds smoothly in solutions which are neutral or 
acid with a weak acid like acetic. The aromatic amino acids usually 
couple smoothly, while the simpler aminobenzoic acids yield diazo com- 
pounds under carefully controlled conditions by using the amino acid 
itself as the coupler and isolating the products as the monosodium salts. 
In the case of aminophenoxyacetic acids, the coupling either does not 
proceed entirely in the desired sense, or the resulting diazo-amino com- 
pounds possess properties which render their isolation difficult. In such 
cases coupling can be effected with amino acid esters, yielding the diazo- 
amino esters, which can be readily hydrolyzed with caustic alkali to the 
diazo-amino acids. 

The diazonium salt of p-arsanilic acid may also be coupled with 
various azo components yielding azo dyes. Among the coupling agents 
employed have been aromatic amines, phenols, methoxynaphthylamines, 
substituted aminobenzoic acids, aromatic glycines, aromatic N-methyl 
sulfonic acids and substituted phenoxyacetic acids. The reaction between 
the diazotized arsanilic acid and the coupler usually proceeds smoothly, 
but the isolation and purification of the resulting dyes often present 
considerable difficulty, and much experimentation is necessary in each 
case to discover the best conditions for coupling and the best method for 
isolating the compound—whether as the free acid, the mono- or disodium 
salt. The monosodium salts are generally sparingly soluble in water, 
while the disodium compounds are readily so. The latter generally 
yield precipitates with salts of the heavier metals when in very dilute 
solutions, while their behavior with the salts of the alkaline earths is 
varied. 
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The azo dyes containing a free amino group may be further com- 
bined with another mole of 4-diazophenylarsonic acid in alkaline solu- 
tion, yielding a disazo dye of the type, 

FEOsAce CoE yeN = NOR IN = N.C, AsO;H_,- 
Similar products may be obtained by diazotizing an aromatic diamine 
with two moles of sodium nitrite and coupling with two moles of 
p-arsanilic acid, or by condensing 4-nitrosophenylarsonic acid (2 moles) 
with a diamine. 

By diazotizing various para diamines, coupling with 2 moles of 
doubly coupling components and combining these intermediate dyes 
with one or two moles of 4-diazophenylarsonic acid, there are obtained 
tris- and tetraazo arsenical dyes respectively. The procedure involved 


may be represented as follows: 
NaN RON = NC, AsO. oH, 


R 


a 
Nie Rh aNEL 


~ N=N_REN = N-C.H.Asc0.H, 


ee 4 
R 


; Ne NR IN = N CoE AsO ae 
where R’ represents a doubly linking component such as H acid, 1-amino- 
8-naphthol-4-sulfonic acid (S acid), or 1,8-dihydroxynaphthalene-3,6- 
disulfonic acid (chromotropic acid). 

Finally, p-arsanilic acid in aqueous or aqueous alcoholic solution, 
in the presence of a condensing agent may be condensed with aldehydes, 
especially aromatic, to azomethine compounds of the formula 

EO.As-O,.8e Nia CHR 
If a mineral acid be employed as the dihydrating agent, the product 
obtained is a salt. By condensing p-arsanilic acid with aromatic alde- 
hydes and pyruvic acid in alcoholic medium, there are formed 1-(4’- 
arsonophenyl)-2-phenyl or substituted phenyl-4,5-diketopyrrolidines, 
yy COCO 


corresponding to the formula H,O0,AsC,H,N (where 


| 
CH.CH, 
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R’ =a pheny] or substituted phenyl radical. In this manner products 
with benzaldehyde, 4-chlorobenzaldehyde, salicylaldehyde methyl ether, 
anisaldehyde, and piperonal have been obtained. 

With mercuric acetate in aqueous solution at 100°, sodium-p- 
arsanilate yields a mixture of mono- and dihydroxymercuri-4-amino- 
phenylarsonic acids, the mercury entering the nucleus. 


4-Aminophenylarsonic acid (p-Arsanilic acid), first obtained by 
Béchamp”? upon heating aniline arsenate at 190-200°, may now be 
prepared in a number of ways. The following unpublished method, 
developed by Raiziss and Gavron, has been found suitable for the pre- 
paration of the pure arsonic acid on both laboratory and factory scales. 
Crude arsenic acid (containing 70-75% of H;,AsO,) is concentrated and 
simultaneously freed of oxides of nitrogen and other volatile impurities 
by warming on a water bath in vacuo, 4.3 kg. of the resulting lquid 
(containing 80-82% of H,AsO,) is then thoroughly mixed with 2.5 1. 
of pure aniline (98-100°) in an enamel pot (diameter = 23 cm.; 
depth = 19 cm.), and the temperature gradually raised to 160° in an 
oil bath, requiring 3.5 hours. The melt is then maintained at the above 
temperature for one-half hour, when it is first gradually diluted with 
41. of water, then rendered alkaline with 2.75 1. of 40% aqueous caustic 
soda, and finally allowed to settle for one-half hour. The upper layer 
is then distilled with steam to recover the unused aniline, while the 
lower layer, containing the sodium arsanilate, is mixed with 175 g. of 
“Filter Cell,” allowed to stand at ordimary temperature for 14 hours, 
filtered, and the filtrate rendered shghtly acid to congo-paper with 
hydrochloric acid. The crude product is then purified by dissolving 
in aqueous caustic soda, mixing with 350+°g. of animal charcoal for 
four hours at ordinary temperature, filtering and acidifying as before. 

According to another method a mixture of pure dry arsenic acid 
(47 g.) and aniline (152 c¢.c.) is heated in a paraffine-bath at 150-160° 
for 12 hours. The: liquid is then cooled, treated with 60 c.c. of 
6N-sodium hydroxide solution, and the aniline which separates out re- 
moved by means of a separatory funnel. The remaining sodium arsani- 
late solution is now clarified with 15-20 gms. of infusorial earth, and 
the filtrate acidified with 50 c.c. of 6 N-hydrochlorie acid, whereupon 
the arsanilic acid generally crystallizes on cooling, although it is fre- 
quently necessary to stir the filtrate on account of its tendency to 
become supersaturated.°s* 

A modification of this method consists in adding practically 100% 
arsenic acid (obtained by heating 1 liter of 76% arsenic acid in an oil 
bath at 120-40° for 12-15 hours) to 1400 e.c. of constantly stirred dry 
aniline previously cooled to 0°, forming a salt of the approximate com- 
position, (CyH,;NHz,),(H,AsO,)... A portion of the resulting mass 
(200 g.) is ground, thoroughly mixed, and then heated with stirring on 
an oil bath at 160° until all is melted, when a reflux condenser is 
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attached, the liquid further heated for 1.5 hours at 160°-70° and for 
another hour at 180-185°. The melt is then treated with 225 c.c. of 
6 N-caustic soda and 225 c.c. of water, and then worked up as before.*** 

By a third method 4.8 gms. of 4-nitrophenylarsonic acid is dissolved 
in 150 ¢.c. of water to which either 20 c¢.c. of 2N-caustic soda or 5.6 
gms. sodium acetate has been added, and reduced with hydrogen gas 
under a pressure of 2-3 atmospheres in the presence of about 0.1 g. 
of precipitated palladous hydroxide with constant shaking. When re- 
duction is complete the palladium is filtered off, the solution concen- 
trated on a water-bath to about 30 c¢.c., and the product precipitated 
by the addition of dilute hydrochloric acid.?* 

Finally the compound may be obtained by reducing the corresponding 
nitro acid with ferrous hydroxide,* or by hydrolyzing acetyl-p-arsanilic 
acid.7*° 

The crude acid may be purified either by recrystallization from 
hot water or through its sodium salt. In the latter method the acid 
is dissolved in sufficient aqueous caustic soda to render the resulting 
solution faintly alkaline, decolorized with animal charcoal, and_pre- 
cipitated in alcohol. The sodium salt (“Atoxyl”) crystallizes out, and 
is converted into the free acid by transposing with dilute hydrochloric 
acid. It forms white needles, readily soluble in excess of dilute mineral 
acids, alkalis, methyl alcohol or hot water, less so in ethyl alcohol or 
glacial acetic acid, sparingly in cold water, and practically insoluble in 
ether or acetone. At 150° it loses one molecule of water, but does not 
decompose below 300°. By boiling its aqueous solution with alkalis, 
concentrated hydrochloric or 30% sulfuric acid no aniline is split off, 
decomposition being only obtained either by heating the aqueous solu- 
tion above its boiling point under pressure, or by fusion with caustic 
alkalis. It forms condensation products with B-naphthoquinonesulfonic 
acid or aromatic aldehydes; it may also be acetylated or diazotized, the 
diazo solution yielding azo dyes upon coupling with amines or phenols. 
As a typical arsonic acid its arsenic may be replaced by iodine upon 
warming with hydriodic acid, and its ammoniacal solution yields a 
precipitate with magnesium salts only upon boiling. It may be quantita- 
tively determined by means of sodium nitrite. 

Its hydrochloride is readily soluble in methyl or ethyl alcohol from 
which it may be precipitated by ether.°** The monosodium salt 
(“Atoryl,” “Arsamin,’ “Soamin,” “Natrium Arsanilicum”) crystallizes 
with two to six molecules of water depending on the solvent employed. 
It is a white crystalline compound readily soluble in water or methyl 
alcohol, but practically insoluble in ethyl alcohol.°** When its neutral 
solution is treated with auric chloride a deep red liquid is obtained, from 
which the reduced gold completely separates on standing as a black 
powder. In alkaline solution, however, a stable, ruby-red colloidal gold 
solution results.°8® On adding atoxyl to aqueous sodium formaldehyde 
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sulfoxylate at 70°, there is first formed a solution of sodium arsanilido- 
methylenesulfoxylate, which upon further treatment with magnesia mix- 
ture is precipitated as the sodium-magnesium salt of arsanilidomethyl- 
enesulfoxylic acid, MgO,AsC,H,. NHCH,OSONa.2H,0, soluble in dilute 
acids and reducing indigo carmine upon warming.®®° Atoxyl also forms 
an addition product with hydroxymethylenecamphor upon warming an 
intimate mixture of the components at 110°°"? 

Upon adding successively molybdenum trioxide and -guanidinium 
chloride to a hot aqueous solution of atoxyl, there is obtained a mixture 
of yellow needles and pale yellow leaflets which may be separated by 
recrystallization from water.®°? The less soluble, pale yellow leaflets 


GiEweNE 
|. 510. while the 


correspond to the formula, (CN,H.)> ee | 
(MoO,); 
yellow needles have the formula, 
C,H NH. HN GAG 
(CN.H.);H;; As 
- L| (MoO). (Mody) Sick 
fe 2S MOO ee 


The quinine salt of p-arsanilic acid, precipitated upon mixing solu- 
tions of atoxy] and soluble quinine salts, forms white needles, m. p. 
202°, soluble in hot alcohol or dilute mineral acids, sparingly in 1% 
aoneccatie or water, and insoluble in ether, ligroin, benzene or carbon 
tetrachloride. The cinchonine salt, similarly prepared, forms micro- 
scopic prisms decomposing at 180°, soluble in dilute mineral acids, cold 
methyl or hot ethyl alcohol, but insoluble in alkalis, water, ether, chloro- 
form or carbon tetrachloride.®°®? The mercuric salt, 


(HLN.C,H,AsO.OH.O).Hg, 


is known as “Asiphyl” or “Aspirochyl,” and is made either by the action 
of two molecular proportions of arsanilic acid upon one of mercuric 
oxide or by the interaction of atoxyl with mercuric chloride. It is a 
white powder, readily soluble in sodium chloride solution, sparingly in 
water, and decomposed by alkalis forming mercuric oxide.??* 9% 96 
When equimolar proportions of arsanilic acid and mercuric oxide react in 
the presence of two mols. of alkali, a salt, HN.C,H,AsO.OH.OHgOH, 
is formed, having the same properties as the preceding compound.°* 


4-Diazophenylarsonic acid (Benzenediazonium-4-arsonate) , 
AsO.OH.O 


Ash 
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prepared by diazotizing p-arsanilic acid in the ordinary way, may be 
precipitated as a white double salt with phosphotungstic acid. It 
exhibits the characteristic properties of diazonium salts: when warmed 
with dilute sulfuric acid it is converted into 4-hydroxyphenylarsonic 
acid; it yields 4-chlorophenylarsonic acid upon treatment with copper 
powder and hydrochloric acid, and also couples with phenols and other 
reactive bases such as m-toluylenediamine.®” 

Unless otherwise specified the following diazo-amino compounds 
have been prepared by coupling 4-diazophenylarsonic acid with various 
amines: 98 

Dimethylamine.—Orange spears from alcohol, intumescing at 182°, 
soluble in methyl] alcohol, very difficultly in cold alcohol, and decompos- 
ing in boiling water with evolution of nitrogen. Its sodium salt crystal- 
lizes in lustrous, salmon-colored platelets readily soluble in water. 

Diethylamine——Cream-colored needles which when anhydrous 
gradually soften and darken above 120°, finally decomposing at 195-200°. 
It is readily soluble in methyl alcohol or acetic acid. The sodium salt 
crystallizes in rosets of somewhat deliquescent cream-colored needles. 

Piperidine—Pale drab spherules and rosets of platelets, m. p. 162-3° 
with effervescence; soluble in methyl or ethyl alcohol. Its sodium salt 
separates from 85% alcohol in platelets. 

Hexamethylene tetramine-—Upon coupling in sodium acetate solution 
formaldehyde is split off, the sodium salt of bis(4-diazophenylarsonic 
acid)-pentamethylene tetramine crystallizing with 6H.O in lustrous 
colorless platelets. The free acid forms platelets decomposing in boil- 
ing water, and practically insoluble in neutral solvents. 

Aniline-—Yellow needles, m. p. 112-3° with decomposition, readily 
soluble in hot methyl or ethyl alcohol and decomposing in boiling water. 
The sodium salt crystallizes in orange platelets and flat needles readily 
soluble in water. 

Methylaniline—Orange-brown aggregates of minute needles effer- 
vescing at 160-2°, and soluble in dilute acid. Sodium salt—lustrous 
orange platelets. 

p-Toluidine-—Pale yellow needles intumescing at 130-2° and soluble 
in hot alcohol. Sodium salt—lustrous yellow leaflets. 

4-Chloroaniline—Hexagonal platelets intumescing at 177°; prac- 
tically insoluble in neutral solvents. Sodium salt—almost colorless plate- 
lets from 50% alcohol. 

o-Anisidine.—F lat microscopic needles intumescing at 95-9°. Sodium 
salt—brown platelets readily soluble in water. 

p-Anisidine—Pale brown leaflets soluble in methyl alcohol, de- 
composing at 110°, and intumescing at 116-19° when anhydrous. Sodium 
salt—rosets of pale brown leaflets from 50% alcohol. 

4-Aminoacetanilide—Lustrous hexagonal platelets decomposing at 
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165-70° when anhydrous. Sodium salt—microscopic leaflets from 50% 
alcohol. 

‘4-Aminophenylbenzoate-—Prepared by diazotizing 4-aminophenyl- 
benzoate and coupling with p-arsanilic acid. It crystallizes from methy] 
alcohol-water in yellow leaflets decomposing at 155-8°, and is prac- 
tically insoluble in neutral solvents except hot methyl or ethy! alcohol. 

4-Aminophenol.—From the preceding compound by dissolving in four 
equivalents of 2N-sodium hydroxide, allowing to stand for 15 minutes 
at room temperature, saturating with sodium acetate, and finally neu- 
tralizing at low temperature with acetic acid. The sodium salt gradually 
separates, and may be obtained from 85% alcohol in rosets of yellow 
needles. The free acid is too unstable to be isolated. 

4-Aminoacetophenone.—Bright yellow needles intumescing at 
177-8°, soluble in boiling methyl alcohol. Sodium salt—brownish-yellow 
rosets of flat needles from 85% alcohol. 

2-Aminobenzoic acid.— Yellow needles intumescing at 160°, soluble in 
hot methyl or ethyl alcohol. Its monosodium salt consists of flat yellow 
needles difficultly soluble in cold water, while the disodium salt crystal- 
lizes from 85% alcohol in long, flat, yellow needles easily soluble in 
water. 

3-Aminobenzoic acid—Buff-colored microcrystalline rosets  in- 
tumescing at 141°, and soluble in hot methyl or ethyl alcohol. The 
monosodium salt is a cream-colored microcrystalline, anhydrous sub- 
stance. The disodium salt separates from 70% alcohol in long, thin, 
pale yellow needles. 

4-Aminobenzoie acid—Microscopic needles. From 50% alcohol the 
monosodium salt deposits in microscopic needles very sparingly soluble 
in cold water. 

3-Amino-6-methoxybenzoic methyl ester.—Buff-colored aggregates of 
platelets melting at 90-5° with gas evolution, and soluble in methyl or 
ethyl alcohol. 

3-Amino-6-methoxybenzoic acid—Obtained as the disodium salt 
from the preceding ester by warming with alcoholic caustic soda. It 
separates from 70% alcohol in rosets of pale brownish-yellow hygroscopic 
needles. The free acid forms rosets of yellow microscopic needles de- 
composing at 140° when anyhdrous. 

3-Aminoanisic methyl ester—Glistening yellow needles from 50% 
alcohol, decomposing at 150°, and readily soluble in methyl] alcohol. 

3-Aminoanisic acid—Obtained as the disodium salt either by 
saponifying the preceding compound, or by adding sodium-3-amino- 
anisate to a neutralized diazo solution of p-arsanilie acid and precipi- 
tating with an equal volume of absolute alcohol. It separates in balls 
of yellow needles from 70% alcohol. The free acid forms aggregates 
of yellow microscopic needles intumesecing at 150-5° when anhydrous, 
and is difficultly soluble in hot methyl alcohol. 
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6-Aminopiperonylic methyl ester—Almost colorless needles remain- 
ing undecomposed below 280°, and practically insoluble in neutral 
solvents. When saponified it does not yield the pure sodium salt, so 
that the free acid cannot be obtained. 

4-Aminocinnamic ethyl ester—Obtained as the sodium salt by 
diazotizing the amino ester, coupling with p-arsanilic acid, and adding 
saturated sodium acetate solution. It forms bright yellow needles from 
70% alcohol and is sparingly soluble in cold water. The free acid con- 
sists of aggregates of yellow needles decomposing at 155-60°. 

4-Aminocinnamic acid.—The disodium salt, obtained by saponifying 
the ethyl ester, crystallizes from 70% alcohol in yellow needles readily 
soluble in water. The acid forms yellow needles decomposing at 155-60° 
when anhydrous, and appreciably soluble in boiling methy] alcohol. 

4-Aminophenylarsonic acid—Pale yellow needles from 95% alcohol, 
intumescing at 154°. Its monosodium salt consists of yellow, lustrous 
platelets, and the disodium salt of yellow needles, both readily soluble 
in water. 

Phenylglycine—Has not been obtained free of the corresponding azo 
dye. The monosodium salt, brownish yellow needles, is sparingly soluble 
in cold water. 

p-Tolylglycine —Flat needles intumescing at 148-9° and appreciably 
soluble in alcohol. Monosodium salt—tan-colored needles difficultly 
soluble in cold water. 

Benzylglycine.—Practically colorless, lustrous needles and prisms in- 
tumescing at 155-60°, and readily soluble in methyl alcohol. 

4-Methoxyphenylglycine ethyl ester—Cannot be obtained crystalline. 
Sodium salt—yellowish-brown leaflets and needles easily soluble in 
water. 

4-Methoxyphenylglycine—Cannot be obtained crystalline. The 
monosodium salt may be prepared either by saponifying the correspond- 
ing ethyl ester, or by coupling 4-diazophenylarsonic acid with the 
sodium salt of 4-methoxyphenylglycine. It crystallizes in yellow plate- 
lets readily soluble in warm water but sparingly in cold. 

4-Ethoxyphenylglycine ethyl ester—Practically colorless rhombo- 
hedra from 25% alcohol. Sodium salt—lustrous cream-colored leaflets. 

4-Ethoxyphenylglycine-—Cannot be obtained crystalline. Its mono- 
sodium salt, prepared like the corresponding methoxy compound, exists 
as yellow needles sparingly soluble in water. 

4-Aminophenoxyacetic ethyl ester—Lustrous, salmon-colored leaflets, 
m. p. 132-3° with decomposition, readily soluble in warm methyl or 
ethyl alcohol. Sodium salt—aggregates of brownish needles from 85% 
alcohol. 

4-Aminophenoxyacetic acid—Microscopic crystals melting and in- 
tumescing at 132°. Disodium salt—brown needles gradually darkening 
and decomposing on standing. 
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4-Aminophenoxyacetamide.—Cream-colored needles m. p. 162° with 
effervescence. Sodium salt—drab-colored needles soluble in water. 

4 - Aminophenoxyacet - methylamide.— Glistening cream - colored 
needles, m. p. 170° with decomposition. Sodium salt—pale yellow 
aggregates of hair-like needles. 

4-Methylaminophenoxyacetic acid—Greenish-yellow aggregates of 
microscopic spindles decomposing at 155-60°. 

3-Methyl-4-aminophenoxyacetic methyl ester—Mhunute needles, m. p. 
105-7° with decomposition. Sodium salt—reddish-brown needles. 

3-Methyl-4-aminophenoxyacetic acid—Too unstable for isolation. 
Disodium salt—light-brown glistening plates. 

2-Methyl-4-aminophenoxyacetic methyl ester—Purple-brown leat- 
lets, decomposing at 143-4°, and soluble in hot methyl or ethyl 
alcohol. 

2-Methyl-4-aminophenoxyacetic acid—Too unstable to be isolated. 
Disodium salt—pinkish-yellow needles gradually decomposing on ex- 
posure. 

’ 2,5-Dimethyl-4-aminophenoxyacetic methyl ester—Grayish-yellow 
needles decomposing at 120° and soluble in hot methyl alcohol. The 
disodium salt cannot be obtained pure. 

2-Methy1-5-isopropyl-4-aminophenoxyacetic methyl ester—Needles 
decomposing at 145°, and soluble in hot alcohol. 

2-Methy1-5-isopropyl-4-aminophenoxyacetic acid—Cannot be ob- 
tained. Its disodium salt is obtained as brown needles. 

3-Methy1-6-isopropyl-4-aminophenoxyacetic methyl ester—Yellow 
leaflets from 85% alcohol. When rapidly heated it intumesces at 130°, 
but on slowly raising the temperature it turns orange above 120°, and 
then gradually darkens but does not melt below 275°. 

3-Methy1-6-isopropyl-4-aminophenoxyacetic acid—Cannot be iso- 
lated. The disodium salt crystallizes in lustrous yellow leaflets. 

2-Bromo-4-aminophenoxyacetic methyl ester—Cream-colored needles 
decomposing at 154-5°. 

2-Bromo-4-aminophenoxyacetic acid.—Pale yellow needles decom- 
posing at 120° when anhydrous. Disodium salt—lustrous brownish- 
yellow needles. 

6-Bromo-4-amino-2-methylphenoxyacetic methyl ester. — Pinkish 
needles intumescing at 188°. It forms a yellow sodium salt. 

6-Bromo-4-amino-2-methylphenoxyacetic acid—Grayish aggregates 
decomposing at 155°. The disodium salt is an indefinitely crystalline 
product easily soluble in water. 

4-Amino-6-acetophenoxyacetic methyl ester—Microscopic hair-like 
needles. 

4-Amino-6-acetophenoxyacetic acid—Has not been obtained pure. 
The disodium salt crystallizes in pale brown leaflets. 
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p-Azobenzenediarsonic acid, H.0,;AsC,H,.N = N.C,H,AsO,H,, re- 
sults upon condensing 4-nitroso- with 4-aminophenylarsonic acid in boil- 
ing glacial acetic acid,®* or by allowing the corresponding hydrazo 
compound to oxidize in the air.24 The product is a dark brown powder 
readily soluble in alkalis, less so in glacial acetic acid or hot water, 
sparingly in dilute mineral acids or cold water, and practically insoluble 
in the usual organic solvents. It yields a purple-red solution with 
concentrated mineral acids. 


Azobenzene-4-arsonic acid, CsH;.N = N.C,H,.AsO;H;, prepared by 
condensing 4-nitrosophenylarsonic acid with aniline, is a brown 
amorphous powder readily soluble in ammonia, alkali hydroxides or 
carbonates, and sparingly so in water or dilute acids.°®® 


Azo Dyes Derived from p-Arsanalic Acid. 


Hydrochloride of -2-aminonaphthalene-1-azobenzene-4’-arsonic acid, 
(HCl.H.N)C,,.H..N = N.C,H.AsO;H,.— On diazotizing p-arsanilic 
acid and coupling with B-naphthylamine hydrochloride, the above com- 
pound separates as a red crystalline precipitate soluble in aqueous sodium 
carbonate.t°°° The product can be obtained free of hydrochloric acid by 
coupling in the presence of sodium acetate. 


3-Methyl-4,6-diaminoazobenzene-4’-arsonic acid, 
HO Age fl. NCH H)(N He). 


is a dark red dye, soluble in caustic soda, made by coupling 4-diazo- 
phenylarsonic acid with m-tolylenediamine,’° or by condensing 4-nitro- 
sophenylarsonic acid with hydroxylamine, and coupling the resulting 
antidiazotate with m-tolylenediamine.’°”? 


4-[Phenyl-(4’-arsonic acid)azo|-phenylglycine—Orange-red aggre- 
gates of minute, lenticular platelets with a golden luster, sintering, melt- 
ing and slowly decomposing at 170-5°, and dissolving in dilute alkali, 
concentrated sulfuric or 1:1 hydrochloric acid. It is prepared by coupling 
4-diazophenylarsonic acid with phenylglycine. The hydrochloride 
crystallizes in red needles with a purplish luster.'°° 


2-Methyl-4-[phenyl-(4’-arsonic acid)azo|-phenylglycine consists of 
red-brown needles, leaflets and rhombic platelets intumescing at 157°, 
and soluble in methyl alcohol or concentrated sulfuric acid. Its hydro- 
chloride forms dark brown platelets.1°°* 


2-Methoxy-4-[phenyl-(4’-arsonic acid)azo|-phenylglycine is ob- 
tained as lustrous, steel-blue aggregates of platelets intumescing at 167° 
when anhydrous; soluble in dilute aqueous alkali hydroxides or car- 
bonates, concentrated sulfuric or 1:1 hydrochloric acid, and methyl or 
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hot ethyl aleohol. The monosodium salt crystallizes in nacreous, orange- 
red platelets containing 2$H.O, and is soluble in water.’°°* 


2-Ethoxy-4-[phenyl-(4’-arsonic acid) azo|-phenylglycine —Purplish- 
brown needles decomposing at 245-50°, soluble in alcohol, acetic or 
concentrated sulfuric acid. Its monosodium salt separates from 50% 
alcohol in orange-brown lustrous platelets soluble in water.*°°* 


a’-[Phenyl-(4,-arsonic acid)azo]-a-naphthylglycine is a crystalline 
product melting wih decomposition at 275°, soluble in concentrated 
sulfuric acid. The disodium salt is readily soluble in water.*°°* 


4-[Phenyl-(4’-arsonic acid) azo|-phenylaminomethylsulfonic acid, 
H.O,AsC,H,.N = N.C,H,. NHCH.SO,H, is produced by coupling 4-di- 
azophenylarsonic acid with methylene-aniline sodium bisulfite, crystalliz- 
ing in red needles readily soluble in concentrated sulfuric acid or hot 
water, and sparingly in cold water. When heated the anhydrous product 
sinters and partially melts at 187-9°. The disodium salt consists of 
orange-colored needles readily soluble in water.1°°* 


2-Methoxy-4-phenyl-(4’-arsonic acid) azo-phenylaminomethylsulfonic 
acid.—Violet needles soluble in concentrated sulfuric acid, and melting 
when anhydrous at 158-60° with evolution of gas. Its soluble disodium 
salt forms orange-red needles.'°°* 


4-Dimethylaminoazobenzene-4’-arsonic acid, 
(CH AaN CaN NC acd. ae. 


When the crude product, obtained by coupling 4-diazophenylarsonic acid 
with dimethylaniline in hydrochloric acid solution, is purified through 
its monosodium salt, there results a red powder readily soluble in alkalis 
or mineral acids but insoluble in water or the usual solvents. The above 
salt separates from hot water in lustrous scarlet plates contaiming 54 
molecules of water, while the disodium salt containing 6H,O is a scarlet 
powder soluble in cold water.?®? 


4-Hydroxyazobenzene-4’-arsonic acid, 
HO;C,H,. NaN; C,H. ASO.H.. 


Prepared by coupling 4-diazophenylarsonie acid with phenol in alkaline 
solution, acidifying with hydrochloric acid and purifying the crude pro- 
duct through the monosodium salt. It is a light red powder insoluble 
in water or the usual organic solvents, but readily dissolves in alkalis. 
The monosodium salt, which crystallizes with 24H.O, is sparingly soluble 
in hot water; the disodium salt is a light red powder containing 8H,O, 
and is readily soluble in cold water.'°” 
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2-Hydroxynaphthaleneazobenzene-4’-arsonic acid, 
HO . Crete . N —= N . C.H.AsO;H,, 


is a bright red, alkali-soluble powder which results on diazotizing 
p-arsanilic acid and coupling with alkaline B-naphthol solution. The 
monosodium salt, containing 5H.O, is a deep orange, crystalline pre- 
cipitate sparingly soluble in boiling water. The disodium salt is a dark 
red powder readily soluble in water, and contains 64H,0.1°% 1907 


1-Amino-2-methoxynaphthalene-4-azobenzene-4’-arsonic  acid.— 
Bluish-black, glistening platelets remaining unmelted below 285°, and 
dissolving in dilute’ caustic soda or concentrated sulfuric acid.1°°s 


1-Amino-4-methoxynaphthalene-2-azobenzene-4’-arsonic acid con- 
sists of dark brown aggregates with a bronzy luster. It softens to a tar 
at about 195°, intumesces at about 225°, and is soluble in acetic acid, 
alcohol, dilute caustic soda or concentrated sulfuric acid.1°°s 


3-Amino-6-|[ phenyl-(4’-arsonic acid) azo|-phenoxyacetic acid, 
TH O,AsC,He wy =5N- CHE (Nit) OPC HCOOH): 


Made in the usual manner by coupling with 3-aminophenoxyacetic acid, 
crystallizing in red, glistening needles soluble in 1:1 hydrochloric acid, 
concentrated sulfuric acid or dilute alkalis. The anhydrous product 
does not melt below 285°. Its hydrochloride consists of orange-brown 
microscopic crystals. The monosodium salt is an orange-colored micro- 
crystalline compound.?°°s 


4-Methyl-3-amino-6-[phenyl-(4’-arsonic acid) azo]-phenoxyacetic 
acid.—Dark red aggregates of needles intumescing at 242-3°, difficultly 
soluble in concentrated hydrochloric acid, but readily in dilute alkalis 
or concentrated sulfuric acid. It forms an orange-red hydrochloride 
and a red crystalline monosodium salt.°°° 


2-Methyl-5-amino-4-[phenyl-(4’-arsonic acid) azo|-phenoxyacetic 
acid consists of lustrous purplish-brown needles intumescing at 187-8°, 
readily soluble in methyl alcohol or concentrated sulfuric acid, less 
so in ethyl alcohol or concentrated hydrochloric acid. The hydro- 
chloride separates as dull red microcrystals.1°°° 


a-Amino-B-[phenyl-(4-arsonic acid) |azo-a’-naphthoxyacetic acid is 
obtained as dark red needles with a golden luster, decomposing at 285°, 
and dissolving in concentrated sulfuric acid. Its disodium salt forms 
dark brown felted needles readily soluble in water.'"! 


a-Amino-a’-[phenyl-(4-arsonic acid) |azo-p-naphthoxryacetic acid.— 
Red-brown microcrystalline aggregates remaining unmelted below 285°. 
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The disodium salt crystallizes in almost black aggregates of micro- 
scopic hairs soluble in water.’°'® 


4-Amino-5-| phenyl-(4’-arsonic acid) azo ]-1,2-phenylenedioxyacetic 
acid exists as purplish-brown microcrystals soluble in concentrated sul- 
furic acid, and when anhydrous does not melt below 280°. Its mono- 
sodium salt forms purplish-brown spherules sparingly soluble in water, 
but readily in dilute alkali hydroxides or carbonates.1°" 


2-Hydroxy-5-| phenyl-(4’-arsonic acid)azo|-phenoxyacetic acid.— 
Brown platelets remaining unmelted below 280°, soluble in dilute sodium 
hydroxide, concentrated sulfuric acid or boiling alcohol. Monosodium 
salt—yellow, indefinitely crystalline globules.?°™ 


3-Amino-6-methoxy-4-[phenyl-(4’-arsonic acid) azo|-phenoxyacetic 
acid is obtained as glistening bronze needles soluble in methyl or ethyl 
aleohol, concentrated sulfuric or 1:1 hydrochloric acid, and dilute alkali 
hydroxides or carbonates. It sinters at 175-85°, but when anhydrous 
intumesces at 208-13°. Its hydrochloride exists as dark brown micro- 
scopic platelets.1°°° 


4-Amino-6- methoxy -8-|phenyl-(4’-arsonic acid) azo]-phenoxyacetic 
acid.—Glistening maroon-colored platelets which do not melt below 
280°, and dissolve in concentrated sulfuric or hot 1:1 hydrochloric acid. 
The monosodium salt crystallizes in chocolate-colored needles sparingly 
soluble in water but readily in dilute alkalis. The hydrochloride con- 
sists of dark red needles.'°"" 


2- Amino -8- hydroxy -6- sulfonaphthaleneazobenzene-4’-arsonic acid, 
obtained from 4-diazophenylarsonic acid and 2-amino-8-hydroxynaph- 
thalene-6-sulfonic acid (Gamma acid) im alkaline solution, is a dark 
violet-red powder easily soluble in water or methyl alcohol, but insoluble 
in chloroform or ether.°®? 


2-Hydroxy-3,6-disulfonaphthaleneazobenzene-4’-arsonic acid is a red, 
water-soluble powder isolated in the usual manner by coupling with 
disodium-f-naphthol-3,6-disulfonate (R salt) in alkaline solution.1°° 


1-Amino-8 - hydroxy-3,6-disulfonaphthalene-2-azobenzene -4’- arsonic 
acid, (NH) (OH) (SO;H).C,oH;..N = N.C,H,AsO;H», made by coupling 
with 1,8-aminonaphthol-3,6-disulfonie acid (H acid) in either alkaline 
or acid solution, is a brownish-black powder easily soluble in water.1°°7 


1-Carboxynaphthaleneazobenzene-4’-arsonic acid is a brownish-black 
powder, soluble in water, obtained by coupling 4-diazophenylarsonic acid 
with sodium naphthionate.?°°? 
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4-Methylamino-5-carboxyphenylazobenzene-4’-arsonic acid. — Brick- 
on glistening needles and plates not melting below 280°; soluble in 
poncenney a sulfuric acid or dilute hydrochloric acid. On treating 
the latter solution with sodium nitrite, a pale salmon-colored precipi- 
tate is formed. The hydrochloride crystallizes in rosets of purplish-red 
plates; the monosodium salt in brownish-yellow microscopic needles, and 
the disodium salt in red needles readily soluble in water.1°°% 

The corresponding ethyl compound is isolated as lustrous, deep orange 
colored platelets which do not melt below 275°, and are more soluble 
in methyl or boiling amy! alcohol than in the other neutral solvents.!°°* 

The corresponding tsoamyl compound forms orange-red glistening 
platelets soluble in concentrated sulfuric or hydrochloric acid or boiling 
aleohol. The hydrochloride separates in dark colored microscopic 
needles. The monosodium salt crystallizes in orange-colored leaflets 
very difficultly soluble in boiling water.1°!* 


4-Amino-2,3-dimethoxy-5-carboryphenylazobenzene-4’-arsonic acid. 
—Orange-red platelets easily soluble in methyl alcohol, concentrated 
sulfuric acid or boiling dilute hydrochloric acid, and does not melt below 
275°. The hydrochloride forms brown platelets and needles, while the 
monosodium salt exists as brownish-orange needles.?°!? 


2-Amino-4,5-dimethoxy-3-carboxryphenylazobenzene-4’-arsonic acid 
is obtained in brown leaflets and microcrystalline aggregates with a 
purplish luster. It decomposes somewhat upon heating, but remains 
unmelted up to 290°; is easily soluble in dilute alkalis or concentrated 
sulfuric acid, difficultly in the usual organic solvents, and only sparingly 
in concentrated hydrochloric acid.- The hydrochloride separates as dark 
orange-red spherules. The monosodium salt consists of orange-red 
microcrystals turning chocolate-brown when air-dried. It is difficultly 
soluble in boiling water but readily in dilute alkalis.?!? 


Disazo Compounds Derived from p-Arsanilic Acid. 


A disazo compound may be obtained from 1-amino-8-hydroxy-3,6- 
disulfonaphthalene-2-azobenzene-4’-arsonic acid by treating with 4-di- 
azophenylarsonic acid in alkaline solution. The product is isolated as 
blue needles with a bronzy luster, soluble’ in water, acetic or concentrated 
sulfuric acid, and sparingly so in hot alcohol.'?'* 

A similar product, consisting of a light brown powder, results upon 
diazotizing tolidine with two molecular proportions of sodium nitrite, 
and coupling with an alkaline solution of two moles of p-arsanilic 


582 


acid.°*? - 
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Disazobenzene-4,4’-diarsome acid, 


HO.As N z NC SN = NC AsOsH:, 


is a black powder with a metallic luster; soluble in alkalis or concen- 
trated acids. It is obtained by condensing 4-nitrosophenylarsonic acid 
(2 mols.) with p-phenylenediamine in glacial acetic acid medium.*** 


Disazobenzene-4,2’ ,4’-triarsonic acid, 


HOAs DN = NC »N = NC AsOsHs, 


a 

m 

S 

o 

i] 
similarly prepared from 2,5-diaminophenylarsonic acid and 4-nitroso- 
phenylarsonic acid, is a black powder with a dark greenish luster, soluble 
in alkalis or concentrated acids.°*? 


Trisazo and Tetraazo Compounds. 
H acid—p-arsanilic acid 
Benzidine —When benzidene is diazotized 


H acid 
with sodium nitrite (2 moles) and coupled with H acid (2 moles) there 
is obtained a violet colored dye, which is converted into a trisazo dye 
upon treatment with an alkaline solution of 4-diazophenylarsonic acid 
(1 mole). The dried product is a brownish-black powder soluble in 
water to a blue solution.!°' 
S acid—p-arsanilic acid 


ys 
Dichlorobenzidine A bluish-black pow- 


H acid 
der, soluble in water or aqueous sodium carbonate, results upon diazotiz- 
ing dichlorobenzidine with sodium nitrite (2 moles), coupling with 
1-amino-8-hy droxy-4-sulfonaphthaleneazobenzene-4’-arsonic acid, and 
combining the resulting product with H acid (1 mole) in alkaline solu- 
one 
H acid—p-arsanilic acid 


Benzidine —The product thus obtained is 


H acid—p-arsanilic acid 
a brownish-black powder whose aqueous solution is dark blue.'°™* 
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By substituting 2-amino-5-naphthol-4-sulfonic acid (2 moles) for the 
H acid in the preceding diagram, a water-soluble dye with a lustrous 
bronzy color is obtained, while with two moles of chromotropic acid 
there is formed a brownish-black powder soluble in water or aqueous 
sodium carbonate.?%® 


2-amino-6-naphthol-7-sulfonic acid—p-arsanilic acid 
oH! 
Tolidine —A 
Sy oe — 
2-amino-5-naphthol-7-sulfonic acid—p-arsanilic acid 
lustrous bronzy powder dissolving in water to a violet solution.1°!4 


H acid—p-arsanilic acid 
Chlorobenzidine The product is a dark 


H acid—p-arsanilic acid 


brown powder yielding a deep blue aqueous solution’™* If S acid 
(2 moles) is substituted for H acid, the resulting dye is a brown powder 
soluble in water with a violet-blue color which turns blue upon the 
addition of aqueous sodium carbonate.*°'® 


Triazo Compound. 


4-Triazophenylarsonic acid, H,O;AsC,H,.N;, is obtained as white 
crystals upon adding a solution of sodium azide to 4-diazophenylarsonic 
acid and recrystallizing from either dilute alcohol or dilute sulfuric acid. 
Its monosodium salt, prepared by boiling an alcoholic solution of the 
acid with sodium ethoxide, is a white powder readily soluble in water.1°'® 


Azomethine Derivatives. 


Benzylidene-p-arsanilic acid, H.0,;AsC,H,.N = HC.C,H,, is formed 
as a by-product in the preparation of 1-(4’-arsonopheny]) -2-phenyl-4,5- 
diketopyrrolidine from p-arsanilic acid, benzaldehyde and pyruvic acid 
or ethyl pyruvate. It crystallizes from alcohol in heavy, white granular 
crystals melting with decomposition at 225°.1° 


4-Dimethylaminobenzylidine-p-arsanilic acid, 
H.O,AsC,H, . N — CH ’ (Call, . N (CH;) 2) 


is prepared by heating together p-arsanilic acid and 4-dimethylamino- 
benzaldehyde. Both the free acid and its salts are colored orange- 
red.2°17 
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4-Hydroxybenzylidine-p-arsanilic acid, 
OWN Galal, . N — CH . OAsh: : On, 


results on heating molecular proportions of p-arsanilic acid and 4-hy- 
droxybenzaldehyde at 140-50°. It is a yellow crystalline powder 
sparingly soluble in water or alcohol and insoluble in ether; is hydro- 
lyzed by hot water, but upon cooling the components reunite. With 
mineral acids it forms salts such as HCl(C,H;.CH = HN.C,H,AsO;H,). 
They may also be prepared directly by condensing p-arsanilic acid 
with 4-hydroxybenzaldehyde in concentrated water-alcohol solution in 
the presence of the particular mineral acid. The salts are yellow, 
hydrolyzable compounds readily dissolving in aqueous sodium carbonate, 
and more soluble in water than the free acid.1°7 


2,4-Dihydroxybenzylidene-p-arsantlic acid, 
HO,AsC. Ha N= CH.CLH.(Ol)s, 
is a yellow crystalline powder obtained by condensing resorcylaldehyde 
with p-arsanilic acid.1°7 


10. N-Substituted Derivatives of p-Arsanilic Acid—4-Formylamino- 
phenylarsonic acid, H,.O,;AsC,H,.NHCHO, results on refluxing dry 
atoxyl with formic acid, distilling off the excess of the volatile acid 
and treating with water. It crystallizes from either hot water or methyl 
aleohol in colorless needles insoluble in ether, and is characterized by 
the ease with which the formyl! group can be split off, cold dilute hydro- 
chloric acid accomplishing this in a very short time.?°'s 


4-Acetylaminophenylarsonic acid, H,0;AsC.H,. NHCOCH;, may be 
prepared from crystalline atoxyl and acetic anhydride; by refluxing 
anhydrous atoxyl with glacial acetic acid and distilling off the excess 
of the latter; by condensing p-arsanilic acid with acetylchloride in 
pyridine, or with acetic anhydride in the presence of a little concen- 
trated sulfuric acid; °8* 1°18 or from 4-aminoacetanilide by Bart’s method, 
using either sodium-**® or potassium arsenite.°*? The compound forms 
white lustrous leaflets possessing but feebly basic properties. It is pre- 
cipitated from solutions of its salts by an excess of mineral acids or 
from its concentrated hydrochloric acid solution upon dilution with 
water. It does not react with naphthoquinone sulfonic acid; is un- 
affected by heating above 200°, but is readily hydrolyzed by boiling 
with acids or alkalis. Its monosodium salt (“Acetylatovyl,” “Arsacetin”) 
crystallizes in white needles containing four or five molecules of water, 
and is obtained either by neutralizing the free acid,!°°° or directly by 
Bart’s method.*® 


4-n-Butyrylaminophenylarsonic acid, H,O;AsC,H,s,NHCOC,H,, may 
be obtained by reacting p-arsanilic acid with n-butyryl chloride in dry 
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pyridine, precipitating with ether, and treating successively with water 
and hydrochloric acid; or by warming anhydrous atoxyl with n-butyric 
anhydride.'°1® 


4-Benzoylaminophenylarsonic acid, H,O;AsC,H.z.NHCOC,H,.— From 
p-arsanilic acid and benzoyl chloride by the Schotten-Baumann re- 
action.*°"* 


4-Carbethoxyaminophenylarsonic acid, H,0,;,AsC;H,NHCOOC,H,.— 
Needles, m. p. 330-40°; obtained by the action of ethylchlorocarbonate 
upon p-arsanilic acid in the presence of caustic soda.1°!® 322 

4-Phenylsulfoneaminophenylarsonic acid, H,0;AsCgH,NHSO.C,H,, 
may be obtained from 4-phenylsulfoneaminophenylamine by Mouneyrat’s 
modification of Bart’s method,** or from p-arsanilic acid and benzene- 
sulfonic chloride by the Schotten-Baumann reaction.°?° In the latter 
method the yield is increased by employing sodium carbonate instead 
of the hydroxide.1°** The sodium salt is known as “Hectine” and the 
mercury salt, as “Hectargyre.” 


4-Toluenesulfoneaminophenylarsonic acid, H,O;AsCsHsNHSO.C,H,, 
produced from p-arsanilic acid and toluene-p-sulfonic chloride by the 
Schotten-Baumann reaction, crystallizes from hot water in colorless 
crystals. Its sodium salt is very soluble in water, slightly in alcohol.1? 


4-Oxalylaminophenylarsonic acid (Oxanil-p-arsonic acid), 
H,0;,AsC,HzNHCOCOOH, 


is prepared by heating either atoxyl or arsanilic acid with an excess 
of crystalline oxalic acid at 130-40° until all the water is removed, 
then further heating at 160° until pulverulent, and finally acidifying 
with dilute hydrochloric acid. It separates from 50% acetic acid as 
a white crystalline powder readily soluble in hot water, less so in 
glacial acetic acid, methyl or ethyl alcohol, and insoluble in acetone, 
ether, benzene or dilute mineral acids. It does not melt below 360°,. 
and forms soluble salts with alkalis.1°** 


4-Malonylaminophenylarsonic acid, H,O0,AsC;Hs,NHCOCH,COOH, 
results when p-arsanilic acid is heated with ethyl malonate in a reflux 
apparatus. It is insoluble in ether.'°'* 


4-Phthalylaminophenylarsonic acid, H.O;AsCsH,NHCOC,H,COOH, 
is obtained from p-arsanilic acid and phthalyl chloride in alkaline 
medium by the Schotten-Baumann reaction.'°'* 


4-Chloroacetylaminophenylarsonic acid, H,O,AsC.>H,NHCOCH,CI, 
is made either by dissolving p-arsanilic acid in warm chloroacetyl- 
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chloride, cooling and mixing with water;'°'’ or by heating p-arsanilic 
acid with dry chloroacetic acid on the water-bath, and pouring the 
resulting mass into a saturated sodium chloride solution.t°** It exists 
as minute platelets and leaflets which darken on rapid heating, but 
melt with decomposition when kept at 285° for a few moments. It is 
readily soluble in hot alcohol, sparingly in cold water, acetic acid or 
acetone, more soluble in hot water or acetic acid, and is slowly acted 
upon by moist air. 


4-Iodoacetylaminophenylarsonic acid, H.O,AsC,;,H,NHCOCHLI, sep- 
arates upon treating p-arsanilic acid with iodoacetylchloride in alkaline 
solution at O° and subsequently neutralizing. It exists as lustrous 
needles, m. p. 196° with decomposition, readily soluble im alkalis, but 
insoluble in acids or the usual organic solvents.’°”° 


4-Iodopropionylaminophenylarsonic acid, H.O,AsC,H,NHCOC,H,I, 
similarly prepared from iodopropionylehloride, crystallizes in needles 
decomposing at 224°, readily soluble in alkalis, and insoluble in the 
usual organic solvents.'°?° 
HNC,H,AsO;H, 


Symm. Diphenylurea-4,4’-diarsonic acid, CO , Te- 


HNC,H,AsO;H, 


sults on adding a calculated quantity of a 20% toluene solution of car- 
bony! chloride to aqueous atoxyl at low temperature.?°'s 


4-Carbamidophenylarsonic acid, H,O,;AsC,sH,NHCONH,—Made by 
acidifying an aqueous solution of atoxyl and potassium cyanate with 
acetic acid, and saturating, after 24 hours, with hydrochloric acid.°% 


N-4-Methylcarbamidophenylarsonic acid, 
H,O,;AsC,H,.NHCONHCHs. 
From methylisocyanate by reacting with aqueous atoxyl, and subse- 
quently acidifying with hydrochloric acid.? 
N-4-Phenylcarbamidophenylarsonic acid, 
H,O,AsC,H,NHCONHC,H;. 


Phenylisocyanate is added to a well-cooled, aqueous atoxyl solution, and 
the whole maintained at a low temperature for twelve hours. It is 
then extracted with ether, the aqueous layer separated, and the com- 
pound precipitated from the latter with hydrochloric acid.°% 


4-Thiocarbamidophenylarsonic acid, H,O,AsC,H,NHCSNH,.— A 
saturated solution of p-arsanilic acid in aqueous potassium thiocyanate- 
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hydrochloric acid is evaporated to dryness, and the residue warmed for 
two hours. After cooling it is dissolved in dilute alkali and reprecipitated 
with dilute hydrochloric acid.°°? 


N-4-Allylthiocarbamidophenylarsonic acid, 
H,O;AsC,.H,NHCSNHC,H,, 


is obtained by treating p-arsanilic acid with allylthiocarbimide in methy] 
alcohol at 30-5°. It forms snow-white needles and leaflets, m. p. 185° 
with decomposition; practically insoluble in water or ethyl alcohol, 
and sparingly soluble in methyl! alcohol.°% 


Glycyl-p-arsanilic acid, H,NCH,CONHC,H,AsO,H,—Chloroacety- 
arsanilic acid is warmed with concentrated aqueous ammonia at 30° 
until solution is complete, allowed to stand over night, and the excess 
of ammonia boiled off, when the crude product crystallizes along with 
the corresponding amino compound. Separation is effected by means 
of dilute hydrochloric acid in which the latter is insoluble. The crude 
glycyl-p-arsanilic acid is first reprecipitated by sodium acetate, and 
then purified by dissolving in dilute caustic soda solution and repre- 
cipitating with carbon dioxide. It forms minute, toothed, glistening, 
anhydrous plates which do not melt below 295°, and are very diffi- 
cultly soluble in boiling water or 50% alcohol. It functions as a very 
weak acid, dissolving only in an excess of weak bases, such as ammonia, 
and is displaced from its salts by carbon dioxide.’°?¢ 


Iminobisacetyl-p-arsanilic acid, (H,O,;AsC,HsNHCOCH.).NH, ob- 
tained as a by-product in the preparation of the preceding compound, 
consists of glistening rosets of microcrystals darkening at 280-5° with- 
out melting, and practically insoluble in the usual solvents.’°?7 


N-Methylglycyl-p-arsanilic acid, CH, NHCH,CONHC,H,AsO;Hs», is 
prepared by adding chloroacetylarsanilic acid to a methylamine solu- 
tion, allowing to stand for 24 hours, removing the excess of methyl- 
amine on the water-bath, and finally acidifying with acetic acid. 
Recrystallized from water it separates as long, silky, glistening needles 
containing about 2H.O, turning brown but not melting below 275°, 
practically insoluble in hot alcohol, slightly soluble in boiling water, 
but readily in dilute mineral acids. On adding sodium nitrite to its 
dilute hydrochloric acid solution the nitroso derivative deposits on 
rubbing as sheaves and spheres of microscopic needles.*°** 


N-Phenylglycyl-p-arsanilic acid (N -Phenylglycineanilide-p’-arsonic 
acid), C,H; NHCH.CONHC,H,AsO,H,—This substance, isomeric with 
phenylglycineanilide-p-arsonic acid, is prepared by boiling together alco- 
holic aniline and alkaline chloroacetylarsanilic acid solutions for one-half 
hour under an air condenser. It crystallizes from 50% alcohol as 
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delicate, felted needles almost insoluble in boiling water and darken- 
ing slightly but not melting below 280°. On treating its suspension in 
hot 50 per cent acetic acid with an excess of sodium nitrite the nitroso 
derivative is formed.1°7 


p-Aminophenylglycyl-p-arsanilic acid, 
H,.NC,HszNHCH.CONHC,H,AsO3H2, 


results upon hydrolyzing the succeeding acetylamino-compound with boil- 
ing hydrochloric acid, forming, when pure, microcrystalline aggregates 
which tend to become colloidal on washing with water. It is soluble 
in dilute mineral acids or alkalis, very sparingly so in boiling 50% 
alcohol, practically insoluble in boiling water, and may be readily diazo- 
tized, giving a red color with R-salt. When rapidly heated the acid 
darkens and sinters, but does not melt below 280°.1°?8 


p-Acetylaminophenylglycyl-p-arsanilic acid, 
H,O0,AsC,HsNHCOCH.NHC,H,NHCOCH;, 


is prepared like the previous compounds using p-aminoacetanilide. It 
forms glistening, hexagonal platelets which do not melt below 275° and 
are very sparingly soluble in boiling water or 50% alcohol. Its sodium 
salt crystallizes in flat glistening needles containing seven molecules 
of water of crystallization.1°”® 


m-Oxalylaminophenylglycyl-p-arsanilic acid, 
HOOCCONHC,H,zNHCH.CONHC¢H,AsO,H,, 


made by boiling a solution of chloroacetylarsanilic acid and m-amino- 
oxanilic acid in aqueous caustic soda, is isolated as the hydrochloride, 
composed of aggregates of microscopic plumes which gradually lose 
hydrochloric acid on standing in moist air. 

The free acid may be obtained by boiling the hydrochloride with 
water. It crystallizes with 1H.O, is practically insoluble in boiling 
water, and very sparingly soluble in 50% alcohol. When rapidly heated 
to 175°, then slowly, the anyhydrous acid effervesces at 179°, with 
preliminary softening and darkening.!°?" 


p-Oxalylaminophenylglycyl-p-arsanilic acid is prepared like its meta 
isomer, and forms slightly purplish aggregates of microscopic crystals 
containing 1.5 molecules of water of crystallization. It is almost in- 
soluble in boiling water, very sparingly soluble in boiling 50% alcohol, 
and, when anhydrous, darkens above 200°, but does not melt below 
275°. On heating with aqueous alkali the principal products recovered 
are either the unchanged oxamino compound or arsanilic acid, depend- 
ing on the length of heating and the strength of the alkali. Heating, 
however, with 1:1 hydrochloric acid yields the amino compound.2%8 
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p-Uraminophenylglycyl-p-arsanilic acid, 
H,NCONHC,H,.NHCH,CONHC,H,As0O,Hz,, 


is made from chloroacetylarsanilic acid and p-aminophenylurea, crystal- 
lizing in spherular masses of microscopic leaflets soluble in boiling 50% 
alcohol, but very sparingly in water. When rapidly heated it changes 
color above 150° and darkens markedly at about 210°, but does not 
melt below 285°.1°8° 


p-Oxamylaminophenylglycyl-p-arsanilic acid, 
H,NCOCONHC,H.NHCH,CONHC,H.AsO;H)». 


From chloroacetyl arsanilic acid and p-aminooxanilamide. Clusters of 
microscopic needles remaining unmelted below 285°, and practically 
insoluble in boiling water or 50% alcohol.?°*° 


N -Phenylglycineanilide-p-glycineamide-p’ -arsonic acid, 
H,0;,;AsC,H,.NHCOCH,NHC,H:NHCH.CONH,, 


is obtained from carefully purified p-aminophenylglycineamide as crusts 
of spherical aggregates of microcrystals which become ochreous in color 
on exposure to the air. When air-dried it contains about 1.5 molecules 
of water of crystallization. The anhydrous substance darkens at about 
200°, but does not melt below 285°, and is rather sparingly soluble 
in boiling water or 50% alcohol.t°** 


m-Hydroxyphenylglycyl-p-arsanilic acid, 
HOC,H.NHCH.CONHC,H.AsO;H,, 


obtained from m-aminophenol, is purified through its hydrochloride sep- 
arating as pale pink, wedge-shaped, microscopic prisms containing 3.5 
molecules of water of crystallization. On rapid heating it melts at 
about 80° in its water of crystallization, then quickly resolidifies, and 
on further heating turns purple at about 180°, gradually softening and 
charring as the temperature is raised. The compound is easily soluble 
in methyl or ethyl alcohol, acetone or boiling water, separating from 
the latter on cooling as a caseous mass. It is less readily soluble in 
glacial acetic acid, from which it separates in a different form, pre- 
sumably due to dehydration. The hydrochloride consists of slightly 
purplish microcrystals which do not melt up to 280° and lose most of 
the halogen on boiling with water.1°* 


p-Hydroxyphenylglycyl-p-arsanilic acid is prepared from p-amino- 
phenol and forms aggregates of microscopic hairs containing approxi- 
mately one molecule of water of crystallization. The substance is 
almost insoluble in boiling water or 50% alcohol, and, when anhydrous, 
blackens and sinters above 200°, but does not melt entirely below 280°. 
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Its sodium salt consists of microscopic needles containing 1H.O, and is 
sparingly soluble in water at 0°, but readily on warming, the solution 
slowly developing a pale lilac color with ferric chloride.*°* 


N-Phenylglycineanilide-p-hydroxyacetic ether acid-p’-arsonic acid, 
H.O,AsC,H,NHCOCH,HNC,H,OCH.COOH, prepared from chloro- 
acetylarsanilic acid and p-aminophenoxyacetic acid, crystallizes as 
minute, pale brown, wedge-shaped plates containing 1.5 molecules of 
water of crystallization. The substance is almost insoluble in boiling 
water or 50% alcohol, darkens, when anhydrous above 180°, and de- 
composes at about 275°.1°%% 

N-Phenylglycineanilide-p-hydroxyacetic ether acid amide-p’-arsonic 
acid, H,O,;AsC,HaNHCOCH.NHC,H,OCH,CONH,, is made from 
p-aminophenoxyacetamide, separating as woolly masses of delicate 
needles practically insoluble in boiling water or 50% alcohol, and dark- 
ening somewhat but not melting below 265°.1°%* 

The sodium salt crystallizes with four molecules of water in the 
form of slightly grayish rosets of flat, glistening needles. Its dilute 
aqueous solution gives immediate precipitates with silver or copper ions, 
a slow-forming, crystalline precipitate with calcium ions, and none with 
barium ions. 


N-Phenylglycineanilide-p-hydroxyacetic ether acid wreide-p’-arsonic 
acid, H,O,AsC,Hs,NHCOCH,NHC,H,OCH,CONHCONH.,. — Feathery 
aggregates of minute platelets from p-aminophenoxyacetylurea. The 
substance is almost insoluble in boiling water or 50% alcohol, and when 
rapidly heated to 255°, then slowly, decomposes at 257-8° with prelimi- 
nary darkening. The sodium salt crystallizes with 4 molecules of water 
as minute leaflets.1°%4 


m-Carboxamidophenylglycyl-p-arsanilic acid, 
H,NCOC,H,NHCH.CONHC,H,AsO,Hp, 


is made from m-aminobenzamide and purified through its sodium salt, 
which separates as radiating masses of flat needles containing one 
molecule of water of crystallization. The free acid crystallizes in micro- 
scopic needles very difficultly soluble in boiling water or acetic acid, 
but dissolving somewhat more easily in boiling 50% alcohol. When 
rapidly heated to 245°, then slowly, it darkens and decomposes at 
Q48° 1085 


p-Carboxamidophenylglycyl-p-arsanilic acid.— Derived from p- 
aminobenzamide as microscopic prisms which do not melt below 
275° and are practically insoluble in boiling water or 50% alcohol. The 
sodium salt, glistening platelets containing 2H,O, is quite sparingly 
soluble in ice water, but more easily on warming.'°** 
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N-Phenylglycineanilide-m-carboxureide-p’-arsonic acid, 
H,0,AsC,Hs.NHCOCH,NHC,H,CONHCONHE)D. 


From m-aminobenzoylurea as spherules of microscopic needles decompos- 
ing with darkening at about 280°, and almost, insoluble in boiling water 
or 50% alcohol. The sodium salt crystallizes with three molecules of 
water as flat, microscopic needles.1°** 


N-Phenylglycineanilide-p-acetamide-p’-arsonic acid, 
H,O0,AsC,.HzaNHCOCH;NHC,H,CH.CONH). 


Aggregates of microscopic platelets from p-aminophenylacetamide; is 
sparingly soluble in boiling water, more easily in boiling 50% alcohol 
or acetic acid. It darkens and softens above 180°, decomposing finally 
at 256-8° 1088 


N -Phenylglycineanilide-p-acetureide-p’ -arsonic acid, 
H,0;AsC,.H,NHCOCH,NHC,H.CH,CONHCONH,, 


is obtained from p-aminophenylacetylurea as rosets of microscopic hairs 
containing 0.5 molecule of water of crystallization, and sparingly soluble 
in boiling water or 50% alcohol. The anhydrous compound darkens 
above 230° and decomposes at 270-3°.1°%% 


p-Acetophenylglycyl-p-arsanilic acid, 
CH,COC,H.NHCH,CONHC,H.AsO,H,, 


is prepared from p-aminoacetophenone, the pure compound existing as 
radiating masses of faintly yellow, microscopic needles which darken 
and decompose partially when heated, but do not melt below 290°. 
It is practically insoluble in boiling water and only very sparingly so 
in boiling 50% alcohol. The sodium salt crystallizes with 3 molecules 
of water as minute, narrow, pale yellow, glistening platelets sparingly 
soluble in cold water.'°** 


N-Phenylglycineanilide-4,4’-diarsonic acid, 
H,0,AsC,H,NHCH,CONHC,H,AsO;H,, 


from p-arsanilic acid and chloroacetyl-p-arsanilic acid, forms sheaves 
of microscopic needles containing 0.5 molecule of water of crystalliza- 
tion. The anhydrous substance does not melt up to 280°, is insoluble 
in boiling water and but very sparingly soluble in hot 50% alcohol.'?* 


Phenoxyacetyl-p-arsanilic acid, Cy>H;0CH.,CONHC,H,AsO;H2, is 
prepared from arsanilic acid and phenoxyacetyl chloride in sodium 
acetate solution; or by boiling a solution of chloroacetyl-p-arsanilic acid 
in N-aqueous caustic soda with phenol under an air condenser. Color- 
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less microscopic crystals or wedge-shaped plates and prisms which do 
not decompose below 280°, are soluble in boiling acetic acid, methyl 
or hot 50% ethyl alcohol, and very sparingly so in boiling water.*°*® 


4’-Oxalylamino-phenoxyacetyl-p-arsanilic acid, 
H,O,AsC,H.NHCOCH,OC,H,NHCOCOOH, 


is made from chloroacetylarsanilic acid and p-hydroxyoxanilamide, each 
dissolved in theoretical amounts of N-sodium hydroxide solution. It 
erystallizes with one molecule of water as cream-colored microscopic 
crystals unmelted below 280°, and appreciably soluble in boiling water 
or 50% alcohol.1°*9 


4’-Uramino-phenoxyacetyl-p-arsanilic acid, 
H,0;,;AsC;H,NHCOCH,OC,H,NHCONH,, 


produced from chloroacetylarsanilic acid and p-hydroxyphenylurea in 
alkaline medium, is isolated through the sodium salt as aggregates of 
microscopic spindles practically insoluble in boiling water or 50% 
aleohol, and decomposing at about 280-3° with preliminary darkening. 
Its sodium salt crystallizes with 3 molecules of water as radiating masses 
of minute needles.1°%? 


2’-Carboxamidophenoxyacetyl-p-arsanilic acid, 
H,O0,AsCsHzNHCOCH,OC,H.CONH,, 


is obtained from salicylamide as delicate needles which do not de- 
compose below 280°, are appreciably soluble in boiling 50% alcohol or 
acetic acid, less readily in the other hot solvents. Its sodium salt crystal- 
lizes with 5.5 molecules of water as prismatic needles.?°*? 


4’-Carboxamidophenoxyacetyl-p-arsanilic acid, derived from p-hy- 
droxybenzamide, is isolated through ‘its sodium salt as long, glistening 
needles remaining unmelted below 280°, and practically insoluble in 
the usual solvents. The sodium salt crystallizes with 7.5 molecules of 
water as rosets of long, flat, delicate needles.t°*° 


Phenyl-(4-arsonic acid) glycine [Phenylglycine-4-arsonic acid}, 
HOOCCH.HNC,H,AsO;Hz,, 


results on refluxing atoxyl with aqueous chloroacetic acid for 6-8 hours; 
or on heating p-arsanilic acid, sodium cyanide, 40% formaldehyde and 
water in an autoclave for one to two hours, neutralizing the cooled 
solution, and then hydrolyzing the resulting nitrile with caustic soda. 
The compound is sparingly soluble in cold water, but readily in con- 
centrated hydrochloric acid, alkali hydroxides, carbonates or acetates, 
hot water or dilute hydrochloric acid.1°*! 
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N-(Phenyl-4-arsonic acid)-a-phenylglycine, 
H,0,AsC,H,NHCH (C,H;) COOH, 


may be prepared either from p-arsanilic acid and a-phenylchloroacetic 
acid, or by boiling the corresponding amide, described below, with 10% 
caustic soda solution. The compound crystallizes in lustrous, rhombic 
plates sparingly soluble in cold, more readily in warm water, alcohol 
or acetic acid, and fairly soluble in methyl alcohol. It effervesces at 
202-3° with previous darkening and sintering.1°#? 


4-Sulfomethylaminophenylarsonic acid, H,0,AsC,;H,NHCH.SO,H, 
obtained by treating formaldehydesodiumbisulfite with a concentrated 
aqueous solution of atoxyl, and subsequently acidifying with dilute 
hydrochloric acid, forms snow-white needles decomposing at 148°. Its 
disodium salt is very soluble in water.1°48 


N-(Phenyl-4-arsonic acid) glycine methyl ester, 
H,0,AsC,.H,NHCH,COOCH,, 


is prepared by refluxing for two hours a mixture of the preceding com- 
pound, dry methyl alcohol and a little concentrated sulfuric acid, 
and subsequently precipitating with water. It crystallizes from hot 
water or hot 95% alcohol in microscopic needles and thin plates, very 
sparingly soluble in cold water, cold alcohol or boiling acetone, and 
fairly easily in methyl alcohol, especially on warming. It decomposes 
at 285° with preliminary softening and darkening.1°*4 


N-(Phenyl-4-arsonic acid) glycine ethyl ester, 
H,O,AsC,.H.NHCH,COOC,H,, 


prepared like the corresponding methyl ester, crystallizes from 50% 
alcohol in flat, delicate needles which melt and decompose at about 
270° with preliminary darkening and softening. It is very difficultly 
soluble in cold water, but more soluble in cold alcohol, dissolving quite 
readily in either solvent on boiling.’°** 


N - (Phenyl - 4- arsonic acid) glycineamide, |Phenylglycineamide - 4- 
arsonic acid, “Tryparsamide”’], H.0,AsCsH,NHCH,CONH,, results 
upon refluxing an aqueous atoxyl solution with chloracetamide,’°** or 
from the action of ammonia upon N-(phenyl-4-arsonic acid) glycine 
methyl ester.1°** It separates as long, thin, lustrous plates readily 
soluble in hot water, acetic acid, or cold concentrated hydrochloric acid, 
sparingly in cold water, dilute hydrochloric acid, hot methyl or ethyl 
alcohol, and insoluble in cold methyl alcohol, acetone or chloroform. 
On boiling its solution in sodium hydroxide, ammonia is evolved. When 
rapidly heated it darkens and softens at 280° without melting. 
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Salts——The monosodium salt is extremely soluble in cold water, 
and is prepared by neutralizing an aqueous suspension of the arsonic acid 
with 25% sodium hydroxide and subsequently precipitated with alcohol. 
The potassium and ammonium salts are prepared in the same way, 
and form thin, glistening, hexagonal, microscopic platelets. On add- 
ing a calcium chloride solution to a solution of the sodium salt, the 
calcium salt gradually separates as microscopic, wedge-shaped prisms 
containing no water of crystallization. Magnesia mixture causes no 
precipitate in the cold, but on warming the magnesium salt separates 
as a microcrystalline powder. Heavy metal salts give immediate pre- 
cipitates, the silver salt forming aggregates of thin microscopic 
needles. 


N-(Phenyl-4-arsonic acid)-a-methylglycineamide, or N-(Phenyl-4- 
CH, 


arsonic acid)-a-aminopropionamide, H,.O,AsC,H,NHCH — 


CONH, 

From p-arsanilic acid, dissolved in sodium hydroxide solution, by boil- 
ing with a-bromopropionamide for about an hour. The product is 
appreciably soluble in water at room temperature and readily on boiling, 
crystallizing on cooling as long, thin, hexagonal plates. It is also 
soluble in hot 50% alcohol. When rapidly heated it darkens above 255° 
and decomposes at 262-3.5°. Its sodium salt crystallizes from 95% 
alcohol as long, flat, microscopic needles containing about 24H.O after 
air-drying.?°47 


N-(Phenyl-4-arsonic acid)-a-phenylglycineamide, 
H,O;,AsC,H,NHCH (C,H;) CONH,, 


is made by boiling atoxyl, sodium iodide, phenylchloroacetamide and 
alcohol. The pure acid separates as microscopic needles which do not 
melt below 280°, and are sparingly soluble in boiling water or 50% 
alcohol. Its sodium salt crystallizes with 34-5H.O as granular aggre- 
gates of plates readily soluble in water or boiling alcohol.?°4s 


Oxanilamide-p-arsonic acid (p-Oxamylaminophenylarsonic acid), 
H,0,AsC,H,NHCOCONH,.—Anhydrous atoxyl is heated with ethyl 
oxamate for two hours at 140-50°, the mixture digested with water 
and acidified with acetic acid. Minute needles which neither darken 
nor melt below 280°, and are sparingly soluble in boiling water or 50% 
alcohol. On boiling its dilute sodium hydroxide solution, ammonia is 
evolved,1°47 
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N-(Phenyl-4-arsonic acid) glycine methylamide, 
H,0,;AsC.H,NHCH,.CONHCH,, 


is made by refluxing an aqueous atoxyl solution with chloroacetylmethyl- 
amine. It separates as thin microscopic plates fairly easily soluble in 
hot water, from which it crystallizes in aggregates of curved spears. 
The substance is difficultly soluble in methyl alcohol, more readily in 
hot 50% ethyl alcohol, and decomposes at 285° with previous darken- 
ing and softening.1°*® 


N-(Phenyl-4-arsonic acid) glycine ethylamide, 
H,G,AsC,.H,NHCH.CONHC.H,, 


is formed by condensing p-arsanilic acid and chloroacetylethylamine as 
in the previous compound. It is readily soluble in methy] alcohol, warm 
ethyl alcohol or water, but only sparingly so in the latter two at 
ordinary temperature. It darkens above 250° and decomposes at 
278-80° 1°49 


N-(Phenyl-4-arsonic acid) glycine-n-propylamide, 
H.O,AsC,H,NHCH,CONHC,H,. 


From p-arsanilic acid and chloroacetylpropylamine. It consists of flat 
needles, plates or wedge-shaped prisms, sparingly soluble in boiling 
water, but readily so in boiling 50% alcohol, from which it separates 
on cooling as sheaves of microscopic needles. It does not melt below 
Dee oe" 


N-(Phenyl-4-arsonic acid) glycineantlide, 
H,O;,AsCsH4zNHCH,CONHCg.H,, 


may be prepared from atoxyl and chloro (or, better, 1odo) acetanilide, 
or from N-(phenyl-4-arsonic acid) glycine methyl ester and aniline by the 
methods described in the preparation of the corresponding glycine- 
amide. It crystallizes from 50% alcohol as minute delicate needles 
practically insoluble in the usual organic solvents at ordinary tempera- 
ture, appreciably soluble in hot glacial acetic acid, methyl or ethyl 
aleohol, or dilute hydrochloric acid, the hydrochloride separating from 
the latter on cooling. The arsonic acid does not melt below 285°, 
and exhibits the characteristic property of a secondary amine in form- 
ing a nitroso compound with nitrous acid. The sodium salt consists 
of glistening scales containing four molecules of water of crystalliza- 
tion. It is freely soluble in water, the dilute solution yielding no 
immediate precipitate with calcium or barium salts. With magnesia 
mixture a precipitate is formed only on heating, while heavy metal 
salts give insoluble precipitates at once.'°°° 
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N-(Phenyl-4-arsonic acid) glycine-2’-toludide, 
EEO AsC,H.NHCH,.CONHC,H.CH,, 


is obtained in the usual manner from chloracetyl-o-toluidine, in the pres- 
ence of a little sodium iodide. It crystallizes from 50% alcohol in 
woolly masses of delicate needles which do not melt below 275°; are 
readily soluble in hot acetic acid, sparingly in hot water or acetone, in- 
soluble in cold, but appreciably soluble in boiling ethyl alcohol or cold 
methyl! alcohol. Its sodium salt separates as aggregates of long, narrow 
platelets containing 2.5 molecules of water of crystallization.1°%* 


N-(Phenyl-4-arsonic acid) glycine-8’-toluidide is derived from 
chloroacetyl-m-toluidine as aggregates of long, thin plates decomposing 
at about 285°, with preliminary darkening and softening. It is insoluble 
in boiling water or acetone, appreciably soluble in boiling methyl or 
ethyl alcohol, and readily in boiling acetic acid.1°°? 


N-(Phenyl-4-arsonic acid) glycine-4’-tolwidide, from chloroacetyl-p- 
toluidine, consists of minute needles which do not decompose below 
280°; are practically insoluble in boiling water, sparingly soluble in 
boiling methyl or ethyl alcohol, but readily in boiling acetic acid. Its 
sodium salt separates as long, thin, curved, glistening needles contain- 
ing 3H,O, and sparingly soluble in cold water, even less so in the pres- 
ence of other sodium salts.'°? 


N-(Phenyl-4-arsonic acid) glycine benzylamide, 
H,O,AsC,Hz.NHCH,CONHCH,C,H,, 


resulting upon the prolonged refluxing of a mixture of atoxyl, chloro- 
acetylbenzylamine, sodium iodide and alcohol, crystallizes from hot 85% 
alcohol as microscopic needles soluble in boiling 50% or 85% ethyl 
alcohol or boiling methyl alcohol, but very sparingly in boiling water. 
It decomposes at 282-4° 1953 


N-(Phenyl-4-arsonic acid) glycine-a-naphthylamide, 
H,0,AsCsH,NHCH,CONHC,,H,, 


is made from chloroacetyl-a-naphthylamine, and consists of aggregates 
of microscopic needles practically insoluble in boiling water or 50% 
alcohol. When rapidly heated it darkens slightly, but does not melt 
up to 280°. On heating in dilute sodium hydroxide solution the odor of 
a-naphthylamine is quickly noticeable.?°* 


N-(Phenyl-4-arsonic acid) glycine-B-naphthylamide results when 
chloroacetyl-B-naphthylamine reacts with atoxyl in the presence of 
sodium iodide. Microscopie needles decomposing at 285-6° to a red 


PENTAVALENT AROMATIC ARSENICALS 303 


liquid, and practically insoluble in boiling water or 50% alcohol. Its 
sodium salt crystallizes from 50% alcohol as flat needles containing 
about 4.5 molecules of water of crystallization.1°4 


N-(Phenyl-4-arsonic acid) glycinediphenylamide, 
H,0,AsC,H.NHCH.CON (C,H;).2, 


is produced on boiling equivalent amounts of atoxyl, chloroacetyldi- 
phenylamine and sodium iodide in 50% alcohol as in previous examples. 
It forms long, thin, microscopic leaflets containing one molecule of water 
of crystallization. The anhydrous substance decomposes at 271-2° 
with slight preliminary softening, and is very sparingly soluble in boil- 
ing water or 50% alcohol.1%4 


N-(Phenyl-4-arsonic acid) glycine-4’ -chloroanilide, 
H,O;,AsC,.H,.NHCH,CONHC,H.Cl, 


is obtained through its sodium salt as toothed, microscopic leaflets which 
are often cross shaped. It does not melt below 280°, and is almost 
insoluble in boiling water or 50% alcohol. The sodium salt is easily 
salted out from its solutions by sodium acetate.1%> 


N-(Phenyl-4-arsonic acid) glycine-4’-todoantlide. — From  chloro- 
acetyl-p-iodoaniline. When purified through its sodium salt, it forms 
broad, minute needles which do not melt below 275°, and are practically 
insoluble in boiling water. Its sodium salt crystallizes from 85% 
alcohol in rosets of needles containing 34H,0.1°° 


N-(Phenyl-4-arsonic acid) glycine-4’-nitroanilide, 
H,O;,AsC,Hz.NHCH,CONHC,H,.NO,. 


For this compound chloroacetyl-p-nitroaniline is used, the substance 
crystallizing as long, thin, faintly yellow needles practically insoluble 
in boiling water or 50% alcohol, and remaining unmelted below 285°.1°°> 


N-(Phenyl-4-arsonic acid) glyctne-4’-aminoanilide, 
H,O;,AsC,H,NHCH.CONHC,H,NH.z, 


may be prepared either by reducing the preceding nitro compound 
. with freshly precipitated ferrous hydroxide, or by saponifying the fol- 
lowing acetylamino derivative with hydrochloric acid. It separates as 
colorless, microscopic needles or platelets decomposing at 253-4° with 
preliminary darkening, practically insoluble in boiling water or 50% 
alcohol, and soluble in dilute hydrochloric acid, the hydrochloride being 
precipitated by an excess of the acid. The compound is readily di- 
azotized, coupling with R-salt to form a red dye.'°%? 
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N-(Phenyl-4-arsonic acid) glycine-4’-acetylaminoanilide, 
H,O,AsC,H.NHCH,CONHC,H,NHCOCHs, 


is made by heating atoxyl and p-chloroacetylaminoacetanilide for four 
hours. It is isolated through its sodium salt as aggregates of micro- 
scopic needles which are practically insoluble in boiling water or 50% 
alcohol, and do not melt below 285°. Its sodium salt consists of minute, 
lustrous, somewhat efflorescent platelets.1°°* 


N-(Phenyl-4-arsonic acid) glycine-4’-acetylaminobenzylamide, 
H,0,AsC,Hz.NHCH,CONHCH.C,H,NHCOCHs, 


results when p-arsanilic acid is boiled with p-acetylaminochloroacetyl- 
benzylamine, and separates as flat, microscopic needles almost insoluble 
in the usual solvents except hot 50% alcohol, from which it separates 
on cooling as diamond-shaped plates. It darkens and sinters partly, 
but does not melt below 280°. The sodium salt, containing 43H.O 
exists as microscopic needles readily soluble in water.t° 


N-(Phenyl-4-arsonic acid) glycine-3’-methyl-4’-acetylaminobenzyl- 
amide, H.O;AsC,=HzNHCH.CONHCH.C,H;(CH;) NHCOCHs, is formed 
on condensing p-arsanilic acid with 3-methyl-4-acetylaminochloroacetyl- 
benzylamine as an amorphous mass, which can be obtained crystalline 
by purification through its sodium salt. The free acid separates from 
50% alcohol as flat, minute needles decomposing at 278°, and soluble 
in boiling water or 50% alcohol.1°° 


N-(Phenyl-4-arsonic acid) glycine-4/-uraminoanilide, 
H,O,;AsCsHz.NHCH,CONHC,H,NHCONH,, 


derived from atoxyl and p-chloroacetylaminophenylurea, and subse- 
quently isolating through the sodium salt, exists as pale brown, micro- 
crystalline aggregates containing $H.O. It is very sparingly soluble 
in boiling water, methyl or 50% ethyl alcohol, and decomposes, when 
anhydrous, at 230°, with preliminary darkening. Its sodium salt erystal- 
lizes in colorless microscopic needles containing 4H.O, and is soluble in 
hot water.1°°" 


N-(Phenyl-4-arsonic acid) glycine-4’-methyl-5'-uraminoanilide, 
H,O;AsCsH,NHCH,CONHC,H,;(CH,) NHCONH.Q. 


Starting with 5-chloroacetylamino-2-methylphenylurea, the acid is 
finally isolated as microscopic platelets and hairs containing about one- 
half molecule of water of crystallization. The anhydrous substance 
decomposes at 257-8°, with preliminary darkening and sintering, and 
is practically insoluble in the usual solvents. Its sodium salt is readily 
soluble in water.?°° 
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N-(Phenyl-4-arsonic acid) glycine-4’-uraminobenzylamide, 
H,O0;AsC,H.NHCH,CONHCH.C,H,NHCONH,, 


is prepared from p-arsanilic acid and p-uraminochloroacetylbenzylamine. 
Its sodium salt cannot be obtained crystalline by any of the usual 
methods.2°°8 


N-(Phenyl-4-arsonic acid) -a-phenylglycine-4’-uraminoanilide, 
H,0,AsC,.H.NHCH(C,H;) CONHC,H.NHCONH,, 


is derived from arsanilic acid and p-phenylchloroacetylaminophenylurea 
as a gummy mass which gradually hardens. It decomposes at about 
255° with preliminary darkening and softening, and is soluble in boiling 
50% alcohol, but very difficultly in boiling water.1°% 


N-(Phenyl-4-arsonic acid) glycine-3’-oxamylaminoanilide, 
H,0;AsC,H,NHCH,CONHC,H.NHCOCONH,, 


is obtained as slightly purplish, microcrystalline aggregates when 
m-chloroacetylaminooxanilamide is boiled for six hours with the usual 
reaction mixture. It is almost insoluble in boiling water, but very 
sparingly soluble in boiling 50% alcohol. When heated it gradually 
darkens and partly decomposes, but does not melt up to 280°.1°% 


N-(Phenyl-4-arsonic acid) glycine-4’-oxamylaminoanilide. — Owing 
to the insolubility of p-chloroacetylaminooxanilamide the heating is con- 
tinued for a long time. The product forms microscopic needles insoluble 
in all neutral solvents, and does not melt below 280°.1°° 


N-(Phenyl-4-arsonic acid) glycyl-2’-aminophenol, or N-(Phenyl-4- 
arsonic acid) glycine-2’-hydroxyanilide, 


H,O;AsCgH,NHCH,CONHC,H,OH. 


From o-chloroacetylaminophenol without the aid of sodium iodide, the 
product consisting of lustrous crystals which melt and decompose at 
190° with preliminary darkening. It is soluble in cold 95% alcohol, 
but more readily in boiling water, from which it separates on cooling 
as long, narrow, glistening leaflets. An alkaline solution couples readily 
with diazotized sulfanilic acid, yielding an orange colored solution.1° 


N-(Phenyl-4-arsonic acid) glycyl-3’-aminophenol has also been pre- 
pared, but not yet described in the literature.°* 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminophenol, or N-(Phenyl-4- 
arsonic acid) glycine-4’-hydroxyamilide, is obtained from atoxyl and 
p-chloroacetylaminophenol as faintly pink, glistening platelets, darken- 
ing and melting to a black tar at 255-60°, and almost insoluble in 
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boiling water, 50% alcohol, 50% acetic acid or methyl alcohol. Its 
sodium salt is fairly soluble in cold water, and consists of lustrous 
platelets containing 4.5 molecules of water of crystallization.1°* 


N-(Phenyl-4-arsonic acid) -a-phenylglycine-3’ -hydroxyanilide, 
H,0,AsC,H.NHCH (C,H;) CONHC,H,.OH, 


is produced from m-phenylchloroacetylaminophenol, the pure product 
finally separating as purplish lenticular, microscopic platelets containing 
1.5 molecules of water and effervescing at 155-60°. It is insoluble in 
hot acetone, appreciably soluble in methyl or ethyl alcohol, or boiling 
water, separating from the latter on cooling as an emulsion. When 
rapidly heated to 155°, then slowly, the anhydrous acid softens at about 
155-60°, finally melting with the evolution of gas at about 200-10°.1°% 


N-(Phenyl-4-arsonic acid) glycine-2’-methyl-5’ -hydroxyanilide, 
H,0,;AsC,H,zNHCH,CONHC,H; (CH;) OH, 


is made from atoxyl and 4-methyl-5-chloroacetylaminophenol, forming 
glistening, pink platelets and microscopic prisms very sparingly soluble 
in boiling water, acetic acid, methyl or ethyl alcohol, and decomposing 
at 220-5° with preliminary darkening. In alkaline solution it couples 
with diazotized sulfanilic acid yielding a redder color than do similar 
compounds in which the position para to the hydroxy group is un- 
occupied.1°%4 


N-(Phenyl-4-arsonic acid) glycine-4’-methyl-5’-hydroxyanilide is 
similarly obtained from atoxyl and 2-methy1-5-chloroacetylaminophenol. 
When isolated through the sodium salt, it yields prisms and branched 
leaflets which are very sparingly soluble in the usual solvents, and 
decompose at 258° with preliminary darkening and softening. It may 
be readily coupled, in alkaline solution, with diazotized sulfanilic 
acid. =°4 


N-(Phenyl-4-arsonic acid) glycyl-1’-amino-2’-naphthol, 
H,O;,AsC,H,.NHCH,.CONHC,,H,.OH. 


From a mixture of atoxyl, sodium iodide, 1-chloroacetylamino-2-naph- 
thol and alcohol by boiling for one hour. It separates as aggregates of 
microscopic plates and prisms containing 2H,O, almost insoluble in 
water, appreciably soluble in boiling alcohol or acetic acid, and readily 
in methyl alcohol. The anhydrous substance decomposes at 189-91° 
with preliminary darkening and softening.1°*% 


N - (Phenyl - 4 - arsonic acid) glycine - 4’,1’ - hydrorynaphthalide, or 
N-(Phenyl-4-arsonic acid) glycyl-4’-amino-1’-naphthol——From 4-chloro- 
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acetylamino-1-naphthol as indicated above. It is purified through the 
sodium salt, yielding microscopic crystals containing approximately 1.5 
molecules of water of crystallization, and are practically insoluble in 
boiling water, sparingly soluble in alcohol, and readily in hot methyl 
alcohol. The anhydrous substance darkens above 200° and decom- 
poses at 240-2° 1°66 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminopyrocatechol, [N-(Phenyl- 
4-arsonic acid) glycine-3’ ,4’-dihydroxyanilide], 


H,0,AsC,H,NHCH,CONHC,H; (OH)>. 


On boiling atoxyl with 4-chloroacetylaminopyrocatechol there are ob- 
tained faintly pink, glistening leaflets which on rapid heating blacken 
above 200° and decompose at about 260-5°. It is soluble in hot 50 per 
cent alcohol, very sparingly in hot ethyl or methy] alcohol, but difficultly 
in boiling water, separating on cooling as long, narrow, lustrous plates. 
When dissolved in an excess of dilute sodium hydroxide solution it 
rapidly turns deep orange in color, while ferric chloride added to an 
aqueous solution of the acid causes a bluish-purple coloration.1°% 


N-(Phenyl-4-arsonc acid) glycyl-3’-amino-6’-bromophenol, 


Br 
H,O,AsC,H,.NHCH:CONHC,H,<  , 
OH 


is made from 2-bromo-5-chloroacetylaminophenol as above, yielding 
lustrous leaflets which decompose at 255° with preliminary sintering, 
and are very sparingly soluble in boiling water, methyl or ethyl 
alcohol.*°°7 


N-(Phenyl-4-arsomc acid) glycyl-3’-amino-4’ 6’-dichlorophenol, 
H,0,AsC,H,NHCH,CONHC,H,Cl, (OH), 


from 2,4-dichloro-5-chloroacetylaminophenol by the usual sodium iodide 
—50 per cent alcohol method, forms flat, colorless, microscopic needles 
which begin to darken at about 220°, but melt and decompose at about 
280°. It is practically insoluble in boiling water or 50 per cent 
alechol?*¢ 


N-(Phenyl-4-arsonic acid) glycine-p’-anisidide, 
H,O,AsC,H,NHCH,CONHC,H,0CH;, 
formed in the usual manner from chloroacetyl-p-anisidine in the pres- 


ence of sodium iodide, is isolated through its sodium salt as lustrous 
leaflets which darken and soften at about 230°. It is practically in- 
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soluble in boiling water or 50 per cent alcohol, and gives a flesh-colored 
solution with concentrated sulfuric acid.2°” 


N-(Phenyl-4-arsonic acid) glycyl-3’-aminophenoxyacetic acid, 
H,O,AsC,Hz.NHCH,CONHC,H.OCH.COOH. 


From m-chloroacetylaminophenoxyacetic acid without the aid of sodium 
iodide. It forms radiating masses of microcrystals containing about one 
molecule of water of crystallization, and fairly easily soluble in boiling 
water or 50 per cent alcohol. When rapidly heated the anhydrous 
substance softens at 180-90°, then darkens and finally decomposes at 
250-60° .1°°8 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminophenoxyacetic acid is 
prepared like its meta isomer as a colorless powder which-may be 
converted into aggregates of flat, microscopic needles and platelets dark- 
ening at 250° but remaining unmelted below 285°. It is appreciably 
soluble in boiling 50 per cent alcohol, but practically imsoluble in hot 
water, methyl or ethyl alcohol. Its sodium salt consists of glistening, 
microscopic leaflets, containing three molecules of water of crystalliza- 
tion.+°* 


N-(Phenyl-4-arsonic acid) glycyl-3’-methyl-4’-aminophenoxyacetic 
acid, H,O,AsC,H,NHCH,CONHC,H;(CH;)OCH.COOH, made from 
atoxyl and 3-methyl-4-chloroacetylaminophenoxyacetic acid, is finally 
isolated as warty aggregates of microscopic needles decomposing at 270° 
with preliminary darkening. It is appreciably soluble in methyl] alcohol 
or boiling water, and readily in hot methyl! or ethyl alcohol. The sodium 
salt forms well-defined needles easily soluble in water.?°® 


N-(Phenyl-4-arsonic acid) glycyl-2’-aminophenoxyacetamide, 
H,O,;AsCgH,NHCH,CONHC,H,OCH.CONH,, 


is made from o-chloroacetylaminophenoxyacetamide, forming a volumi- 
nous mass of microscopic needles containing one molecule of water of 
crystallization. The acid is very sparingly soluble in boiling water, 
and somewhat more so in hot 50 per cent alcohol. When anhydrous 
it decomposes at about 280° with preliminary darkening.1°”° 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminophenoxyacetamide. — In 
this case p-chloroacetylaminophenoxyacetamide and sodium iodide are 
employed, the acid separating as sheaves and plumes of minute, flat 
needles very sparingly soluble in boiling water or 50 per cent alcohol, 
and not melting below 280°. Its sodium salt forms long, flat, micro- 
scopic needles containing five molecules of water of crystallization.2°™ 
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N-(Phenyl-4-arsonic acid) glycyl-4’-aminophenoxyacetylurea, 
H,O0;AsC,.H,NHCH,CONHC,H,OCH.CONHCONH,, 


derived from  p-chloroacetylaminophenoxyacetylurea, and purified 
through the sodium salt, forms microscopic needles containing +H,0. 
The anhydrous acid slowly decomposes at about 290° with preliminary 
darkening, and is very difficultly soluble in boiling water or 50 per cent 
alcohol. Its sodium salt contains four molecules of water of crystal- 
lization.107 


N-(Phenyl-4-arsonic acid) glycyl-anthranilic acid, 
H,0,AsC,H,NHCH,CONHC,H.COOH, 


is made by saponifying its ethyl ester with dilute caustic soda at ordi- 
nary temperature. Characteristic octahedra decomposing at 230-5° 
with preliminary softening and darkening, practically insoluble in boil- 
ing water, appreciably soluble in boiling methyl or ethyl alcohol or 
50 per cent alcohol.?°? 

N-(Phenyl-4-arsonic acid)glycyl-anthranilic ethyl ester, prepared 
from chloroacetylanthranilic ethyl ester in the presence of sodium iodide, 
crystallizes from 50 per cent alcohol in rosets of delicate needles which 
do not decompose below 280°, and are readily soluble in hot methyl or 
ethyl alcohol.?°7? 


N-(Phenyl-4-arsonic acid) glycyl-2’-aminobenzamide, 
H,0,;AsC,H,NHCH,CONHC,H.CONH,. 


From o-chloroacetylaminobenzamide by the sodium __iodide-alcohol 
method. Faintly yellow, radiating masses of delicate, microscopic needles 
containing 1H,0. When rapidly heated to 165° and then slowly it 
sinters and gradually melts at 170°. It is sparingly soluble in cold, 
readily in hot water or alcohol, and appreciably in cold methy! alcohol. 
Its sodium salt forms globules of minute, slightly yellow crystals con- 
taining 44H.O and readily soluble in water.’°” 


N-(Phenyl-4-arsonic acid) glycyl-3’-aminobenzamide is prepared 
like the preceding compound, crystallizing from hot 50 per cent alcohol 
as rosets of microscopic spears containing 2-24H,O, and _ practically 
insoluble in boiling water. When rapidly heated it darkens and shows 
signs of decomposition above 200°, but does not decompose completely 
until 280" 297% 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminobenzamide, formed like 
the preceding two compounds, exists as nodules of microscopic needles 
which do not melt below 280°. Its sodium salt crystallizes in rosets of 
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thin, microscopic needles containing 44% molecules of water of crystal- 
lization, and readily dissolving in hot water.*°7® 


N-(Phenyl-4-arsonic acid) glycine-3’ -carboxamidobenaylamide, 
H,O,AsC,HzaNHCH,CONHCH.C,H.CONH:. 


Prepared like the previous compound, employing m-carboxamidochloro- 
acetylbenzylamine. It consists of microscopic needles sparingly soluble 
in hot water or boiling acetic acid, practically insoluble in boiling alcohol, 
and decomposing at 237-9° with preliminary darkening. On continued 
washing with water it tends to become colloidal. The sodium salt erys- 
tallizes with 5H.O, and is freely soluble in water.*°® 


N-(Phenyl-4-arsonic acid) -a-phenylglycine-3’-carbamidoanilide, 
H,O,AsC,H.NHCH (C,H;) CONHC,H,CONH). 


From m-phenylchloroacetylaminobenzamide as microcrystals which 
darken and soften slightly above 250°, melt with effervescence at 261-2°, 
and are practically insoluble in boiling water or 50 per cent alcohol.'°™’ 


N-(Phenyl-4-arsonic acid) glycyl-5’-aminosalicylamide, 
H,0;,AsC,H,zNHCH.CONHC,H; (OH) CONH,, 


from 5-chloroacetylaminosalicylamide by the sodium iodide method, 
yields glistening scales containing one molecule of water of crystalliza- 
tion. When rapidly heated the anhydrous substance softens above 190° 
and gradually decomposes until fluid at about 255°. It is very sparingly 
soluble in boiling water or 50 per cent alcohol, the resulting solutions 
giving a brownish purple coloration with ferric chloride. In alkaline 
solution it couples with diazotized sulfanilic acid.t°7® 


N-(Phenyl-4-arsonic acid) glycyl-3’-aminobenzoylurea, 
H,O,;AsCsH,NHCH,.CONHC,H,CONHCONH,, 


is similarly prepared from m-chloroacetylaminobenzoylurea, and is iso- 
lated through its sodium salt as sheaves and plumes of microscopic 
needles which decompose at about 280° with preliminary darkening and 
sintering, and are practically insoluble in boiling water or 50 per cent 
alcohol. Its sodium salt consists of thick, colorless masses of delicate 
microscopic hairs containing 8H,0.1°7 


N-(Phenyl-4-arsonic acid) glycine-3’-carboxureidobenzylamide, 


H,0,AsC,H,NHCH,CONHCH,C,H.CONHCONH,. 


From atoxyl and m(a-chloroacetylaminomethyl) benzoylurea. Glisten- 
ing, microscopic aggregates of delicate needles decomposing at 239-40°, 
and practically insoluble in the usual neutral solvents.2°58 
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N-(Phenyl-4-arsonic acid) glycyl-4’-aminoacetophenone, 
H,0,AsC,H.NHCH,CONHC,H.COCH;. 


From p-chloroacetylaminoacetophenone by the sodium iodide method. 
The acid separates from hot, dilute solutions of its salts on addition of 
acetic acid as long, fine hairs which do not melt below 280°. It is 
almost insoluble in boiling water, sparingly soluble in hot 50 per cent 
aléohol, and dissolves in concentrated sulfuric acid with a yellow 
color 70 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminobenzenesulfonic acid, 
H,O,AsC.H,NHCH,.CONHC,H,SO,H, 


from atoxyl and sodium chloroacetylsulfanilate, forms flat needles con- 
taining two molecules of water of crystallization, and is readily soluble 
in hot, less in cold water, sparingly in alcohol or 10 per cent hydro- 
chloric acid, and practically insoluble in acetone. The anhydrous sub- 
stance slowly softens and decomposes at 245-6°.1°"° 


N-(Phenyl-4-arsonic acid) glycyl-4’- amino -6’- hydroxybenzenesul- 
fonic acid, H.O,AsC,H,NHCH.CONHC,H,(OH)SO;H, is produced by 
boiling atoxyl and the sodium salt of 4-chloroacetylamino-6-hydroxy-- 
benzenesulfonic acid. The acid crystallizes with about 1.5 molecules of 
water, is fairly readily soluble in water at ordinary temperatures, but, 
like many other sulfonic acids, is less soluble in dilute hydrochloric 
acid. It separates from hot water on thorough chilling as microscopic 
leaflets difficultly soluble in hot acetic acid, methyl or ethyl alcohol. 
The anhydrous substance softens and darkens above 200°, but does not 
melt below 275°. In alkaline solution it couples readily with diazotized 
sulfanilic acid.1°7® 


N-(Phenyl-4-arsonic acid) glycyl-3’-aminobenzenesulfonamide, 
H,0,AsC,HaNHCH,CONHC,H,SO.NHz, 


is prepared by the usual sodium iodide method, employing m-chloro- 
acetylaminobenzenesulfonamide. The product consists of flat, glisten- 
ing, microscopic needles, often grouped in rosets, which are decomposed 
at about 265° with preliminary darkening and dissolve in boiling water 
or 50 per cent alcohol with difficulty.1°” 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminobenzenesulfonamide, made 
in a similar manner, forms aggregates of thin microscopic leaflets and 
needles which are insoluble in boiling water or 50 per cent alcohol. 
On rapid heating. it sinters slightly, but does not melt below 


280° 1078 


- 
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N-(Phenyl-4-arsonic acid) glycyl-4’-aminophenylacetic acid, 
H,0,AsC,H,NHCH,CONHC,H,CH.COOH, 


is produced from atoxyl and p-chloroacetylaminophenylacetic acid as 
practically colorless, microscopic globules. The dried acid gradually 
darkens on heating, finally melting and decomposing at 280°. The 
anhydrous substance is pale yellow, losing its color without dissolving 
when boiled with water. It is quite soluble in boiling 85 per cent alcohol 
or methyl alcohol, but only sparingly so in boiling acetic acid.'°*° 


N-(Phenyl-4-arsonic acid) glycyl-3’-aminophenylacetamide, 
H.O;,AsC,HsNHCH.CONHC,H,CH,CONH,, | 


is obtained by the above method from m-chloroacetylaminopheny]- 
acetamide as masses of microscopic needles which darken slightly above 
220°, decompose at 275-80°, and are soluble in boiling water or 50 per 
cent alcohol.'°” 


N-(Phenyl-4-arsonic acid) glycyl-4’-aminophenylacetamide, — simi- 
larly prepared, forms plumes of microscopic hairs sparingly soluble in 
boiling water or 50 per cent alcohol, and does not melt below 280°. 
It is very sensitive to fixed alkah because of the aliphatic amide lnking. 
The sodium salt separates as glistening platelets which, after air drying, 
contain 2.5 molecules of water of crystallization, and dissolve readily 
“ny water.*°* 


N-(Phenyl-4-arsonic acid) -a-phenylglycyl-4’-aminophenylacetamide, 
H,0,AsC,H,NHCH(C,H;) CONHC,H,CH,CONHs, 
made from a-phenylchloroacetyl-p-aminophenylacetamide, crystallizes 
in minute plates and flat needles with 0.5 molecule of water of crystal- 
lization, and is sparingly soluble in boiling water, more easily in boiling 
50 per cent alcohol. When anhydrous it turns yellow and softens on 
heating, melting with decomposition at 222-3°.1°% 


N-(Phenyl-4-arsomc acid) glycyl-4’-aminophenylacetureide, 
H,O,AsC,.H,.NHCH,CONHC,H,CH,CONHCONHES. 
From p-chloroacetylaminophenylacetylurea are obtained plumes of 
minute hairs which darken slightly without melting below 280°, and 
are almost insoluble in boiling water or 50 per cent alcohol. Its sodium 


salt separates as microscopic, hexagonal plates containing three molecules 
of water of crystallization.1°” 


N-(Phenyl-4-arsonic acid) glycineureide, 
H.0,AsC,H,.NHCH,CONHCONH,, 


separates on refluxing atoxyl with chloroacetylurea for 15 minutes and 
further heating on the water-bath as aggregates of microscopic needles 
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sparingly soluble in boiling water or 50 per cent alcohol, and almost 
insoluble in methyl alcohol. When rapidly heated it oe slightly 
above 230° and darkens, but does fot melt below 280°. 

The sodium salt is obtained as well-defined, hexagonal or diamond- 
shaped, microscopic platelets by adding a saturated sodium acetate 
solution to a neutral solution of the acid. When air-dried it contains 
two molecules of water of crystallization, and is readily soluble in 
water, the resulting solution yielding precipitates with salts of the 
heavy metals. The silver salt forms colorless, microscopic needles, 
while magnesia mixture precipitates the magnesium salt only on boil- 
ing.1°8t 


a-N (Phenyl-4-arsonic acid) aminopropionylurea, 
H,O;AsC,H,NHCH (CH,) CONHCONH,, 


prepared by boiling p-arsanilic acid in sodium hydroxide solution with 
a-bromopropionylurea for one hour, crystallizes from 50 per cent alcohol 
in aggregates of minute needles sparingly soluble in water or methyl 
alcohol. When rapidly heated to 220°, then slowly, it decomposes at 
225-6° ,1°82 


N- (Phenyl-4-arsonie acid) -a-phenylglycineureide, 
H,O,AsC,H,NHCH(C,H;) CONHCONH,, 


similarly prepared from phenylchloroacetylurea, separates as radiating 
masses of microscopic needles containing one molecule of water of crys- 
tallization, soluble in boiling water or 50 per cent alcohol, but sparingly 
so in cold. When rapidly heated the anhydrous substance swells 
and evolves gas at 195-7°.1°48 


N-(Phenyl-4-arsonic acid) glycine-methylureide, 
H,O,AsC,H.NHCH,CONHCONHCH,, 


is derived from atoxy! by boiling with a-chloroacetyl-B-methylurea for 
one hour, and purifying through the sodium salt. The substance is 
sparingly soluble in hot water, separating on cooling as long, thin, 
glistening needles decomposing at 224-5°. It is also difficultly soluble 
in boiling 50 per cent alcohol, and practically insoluble in the usual 
organic solvents. 

The sodium salt crystallizes as microscopic platelets containing seven 
molecules of water of crystallization, and is quite readily soluble in 
water, especially on w arming. The solution of the sodium salt yields a 
Brecipitate with magnesia mixture only on boiling; other heavy metal 
salts readily produce insoluble precipitates, the silver salt separating 
as thin, microscopic platelets.'°*° 
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N-(Phenyl-4-arsonic acid) glycine-ethylureide, 
H,0,AsC,H,.NHCH,CONHCONHC,Hs. 


From a-chloroacetyl-B-ethylurea as in the case of methylureide. The 
substance is precipitated from the hot solution of its sodium salt by 
acetic acid as plumes of microscopic needles which are very difficultly 
soluble in hot water or methyl alcohol, but more readily so in 50 per cent 
alcohol. When rapidly heated to 220°, then slowly, it decomposes at 
223-5°. 

The sodium salt separates on treating a carefully neutralized solu- 
tion of the acid with alcohol in thin microscopic platelets, which when 
recrystallized from hot 85 per cent alcohol contain about 4.5 molecules 
of water of crystallization, and dissolve readily in water.*°* 


N-(Phenyl-4-arsonic acid) glycine-phenylureide, 
H,O;,AsC,HzNHCH,CONHCONHC,H,, 


is obtained by boiling an alkaline solution of p-arsanilic acid with 
chloroacetylphenylurea, sodium iodide and alcohol for four hours. 
Feathery aggregates of silky hairs, appreciably soluble in boiling 50 per 
cent alcohol, from which it separates on cooling as long, fine needles. 
It is almost insoluble in boiling water or methyl alcohol, and melts at 
280° with slight preliminary darkening. The sodium salt consists of 
lustrous leaflets, but when recrystallized from 50 per cent alcohol, flat 
needles containing 5H,O, are obtained.'°** 


N-(Phenyl-4-arsonic acid) glycine-benzylureide, 
H,O0,AsC,.H.NHCH,CONHCONHCH,C,H,, 


prepared by boiling p-arsanilic acid dissolved in N-sodium hydroxide 
solution, a-chloroacetyl-f-benzylurea, and a little alcohol for three 
hours, crystallizes from 50 per cent alcohol in rosets of delicate needles, 
which when rapidly heated to 220°, then slowly, decompose at 225°. 
It is sparingly soluble in boiling water, and practically insoluble in 
methy] alcohol.1°*? 


N-(Phenyl-4-arsonic acid) glycine-4’-acetylaminophenylureide, 
H,0;AsC,H,zNHCH,CONHCONHC,H,s,NHCOCHs. 


From atoxyl, alcohol p-acetylaminophenylchloroacetylurea and sodium 
iodide as above, separating in clusters of flat, microscopic needles which 
decompose at 265-6° with preliminary sintering and darkening. The 
acid is almost insoluble in boiling water but is appreciably soluble in 
hot 50 per cent alcohol, separating on cooling as plumes of long, delicate 
hairs. The sodium salt consists of masses of flat needles containing 
five molecules of water of crystallization.1°*4 
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N-(Phenyl-4-arsonic acid) glycine-3’-oxamylaminophenylureide, 
H,0,AsC,Hs,NHCH.CONHCONHC,H,NHCOCONH,. 


Produced as above by employing m-chloroacetyluraminooxanilamide. 
It consists of a microcrystalline powder almost insoluble in boiling water, 
and appreciably in hot 50 per cent alcohol. When rapidly heated it 
decomposes at 223-4° 1085 


N-(Phenyl-4-arsonic acid) glycine-4’-hydroryphenylureide, 
H,O,AsC,H,NHCH.CONHCONHC,H.OH, 


similarly formed from p-acetoxyphenylchloroacetylurea, is isolated 
through its sodium salt as microscopic needles containing 1.5 molecules 
of water of crystallization. The anhydrous substance darkens above 
200°, sinters and chars at about 250°, but does not melt up to 280°. 
The sodium salt crystallizes from 50 per cent alcohol in glistening leaflets 
containing 4-414H,0, and is fairly readily soluble in water, particularly 
on warming.?°% 


N-(Phenyl-4-arsonic acid) glycyl-4’-uraminophenoxyacetamide, 
H,0,AsC,H.NHCH.CONHCONHC,H.OCH,CONH). 


In this case p-chloroacetyluraminophenoxyacetamide is employed. The 
acid, isolated through its sodium salt, consists of glistening, diamond- 
shaped platelets almost insoluble in boiling water or 50 per cent alcohol. 
When rapidly heated it decomposes at 243-4° with preliminary sintering 
and darkening. The sodium salt crystallizes from 50 per cent alcohol 
in aggregates of slightly purplish plates which are fairly soluble in 
water, especially on warming.°*® 


N-(Phenyl-4-arsonic acid) glycyl-3’-uraminobenzamide, 
H,0,AsC,H,NHCH,CONHCONHC,H,CONHs. 


From m-chloroacetyluraminobenzamide by boiling for two hours. The 
acid separates as a rather voluminous, micro-crystalline powder, very 
sparingly soluble in boiling water, but somewhat more soluble in boiling 
50 per cent alcohol, from which it separates as sheaves of flat, micro- 
scopic needles. When rapidly heated it melts at 213-4° with efferves- 
cence and darkening.'°*® 


N-(Phenyl-4-arsonic acid) glycyl-4’-uraminobenzamide.— For the 
production of this compound p-chloroacetyluraminobenzamide is em- 
ployed, and the boiling continued for 5 hours. It consists of short, 
microscopic needles decomposing at 245° with preliminary darken- 
mg. °* 
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N-(Phenyl-4-arsonic acid) glycyl-3’-uraminophenylacetamide, 
H,O,AsC,HzNHCH,CONHCONHC,H,CH,CONHz. 
Similarly prepared by boiling the reaction mixture containing m-chloro- 
acetyluraminophenylacetamide for three hours. It crystallizes from hot 


water in felted needles soluble in 50 per cent alcohol and decomposing, 
when rapidly heated, at 214-6°.1°87 


N-(Phenyl-4-arsonic acid) glycyl-4’-wraminopheny!acetamide. — In 
this case p-chloroacetyluraminophenylacetamide is used, and the mixture 
boiled for two hours. The acid is isolated through its sodium salt as 
plumes of delicate needles containing 1H,O and very sparingly soluble 
in boiling water, though more readily so in boiling 50 per cent alcohol. 
When rapidly heated the anhydrous substance decomposes at 218-21°. 

Its sodium salt is salted out of solution with sodium acetate, and 
separates from alcohol-water as microscopic, hexagonal platelets con- 
taining about 2.5 molecules of water of crystallization.1°*? 


N-(Phenyl-4-arsonic acid) glycyl-N-methylanthranilic acid, 
H,O,;AsC,H,NHCH.CON (CH;)C.H,COOH, 
is best obtained by first preparing the corresponding ethyl ester and then 
hydrolyzing as above. It consists of microscopic aggregates of needles 
or short, flat plates which darken and decompose at 230°, are very difli- 
cultly soluble in boiling water or methyl alcohol, but more readily 
soluble in hot 50 per cent alcohol, from which it can be recrystallized.1°” 


N-(Phenyl-4-arsonic acid) glycine dimethylamide, 
H,0,AsCsH4zNHCH.CON (CHs)., 
consists of thin, microscopic needles, and is prepared by _ boiling 
p-arsanilic acid with chloroacetyldimethylamine. The substance is very 


sparingly soluble in the neutral solvents, and, when rapidly heated, de- 
composes at 241-2°,1088 


N-(Phenyl-4-arsonic acid) glycine diethylamide, 
H,0,AsC,H.NHCH,CON (C.H;s)., 
is prepared as above from arsanilic acid and chloroacetyldiethylamine, 
forming microscopic aggregates of short needles which are difficultly 
soluble in boiling water, but readily in boiling methyl or 50 per cent 


ethyl alcohol. When rapidly heated it sinters and darkens above 195°, 
and melts at 199-201° with gas evolution.?°ss 


N-(Phenyl-4-arsonic acid) glycine piperidide, 
H,0,AsC,H.NHCH,CONC,H,), 


is formed as above, employing chloroacetylpiperidine. It crystallizes 
from hot 50 per cent alcohol in characteristic sheaves of thin, micro- 
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scopic needles decomposing at 218-21° with preliminary softening and 
darkening. The acid is soluble in hot methyl or 50 ‘per cent ethyl 
alcohol, ae very sparingly so in hot water.!°** 


Phenacyl-p-arsanilic acid, H.O,AsC,H,NHCH.COC,H,.—In | this 
case @-bromoacetophenone is used, the compound being finally obtained 
as faintly yellow, arborescent aggregates of delicate, microscopic needles 
decomposing at 185-7° with preliminary softening. It is only sparingly 
soluble in the usual solvents, but dissolves more readily in alkalis or 
concentrated sulfuric acid.1°*? 


2’-Hydroxy-5’-acetylaminophenacyl-p-arsanilic acid, 


OH 
y 
H0,ASC,H,NHCH.COC,H, 
ms 
NHCOCH, 


From p-arsanilic acid and 3-acetylamino-6-hydroxyphenacylbromide. 
A dark yellow powder consisting of aggregates of microscopic platelets 
which redden and decompose at 228°, dissolve in concentrated sulfuric 
acid with a reddish-brown color, and are practically insoluble in hot 
water or 50 per cent alcohol.'°” 


4-Methylaminophenylarsonic acid, H,0O,AsC,;>H,NHCH,;, may be 
prepared by diazotizing 4-aminomethylacetanilide by Bart’s method and 
subsequently saponifying; '°°' by oxidizing the corresponding arsineoxide 
with hydrogen peroxide in the presence of caustic soda,!°’? or by con- 
densing methylaniline with arsenic trichloride in pyridine medium at 
106-8° for two hours, and oxidizing the resulting dichloroarsine with 
hydrogen peroxide in either acid or alkaline solution. In this case, 
however, more or less of the secondary compound, 


(CH,.NH.C,H,),AsO.OH, 


is formed at the same time, and is separated by dissolving in an alcohol- 
ether mixture in which the primary acid is insoluble.’°? The arsonic 
acid consists of leaflets readily soluble in water, alcohol or dilute acetic 
acid, and decomposing at 190°. With silver nitrate it forms a silver 
salt, CH,NH.C,H,AsO(OAg),, a white crystalline powder soluble in 
ammonia or nitric acid, and darkening on exposure to light. 

The corresponding ethyl and amyl aminophenylarsonic acids have 
also been prepared starting with the ‘alkylaniline as above. The amyl 
derivative consists of colorless lamelle decomposing at 172°.'°°8 


Benzyl-p-arsanilic acid, C.>H;CH.NHC,H,AsO;H,, is formed on 
refluxing atoxyl, benzyl chloride, sodium iodide and alcohol, separating 
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as flat, lustrous, microscopic needles. It crystallizes from hot 50 per 
cent alcohol as arborescent masses of micro-crystals and larger prisms, 
decomposing at about 255°, readily soluble in methyl alcohol, strong 
hydrochloric acid, boiling alcohol or acetic acid, sparingly in hot water, 
and insoluble in 10 per cent hydrochloric acid. On adding sodium 
nitrite to a hot acetic acid solution of the compound, yellow spherules 
of microscopic crystals, presumably the nitroso compound, separate on 
cooling and rubbing. The sodium salt consists of glistening platelets 
readily soluble in water."!”° 


4’-Nitrobenzyl-p-arsanilic acid, H,O,;AsCeHsNHCH.,C,H,NO», sepa- 
rates on boiling atoxyl,. p-nitrobenzylchloride and alcohol in_ the 
form of sheaves of flat, yellow, microscopic needles which do not 
melt up to 280°. It is almost insoluble in boiling water, and - only 
sparingly soluble in boiling methyl alcohol, acetic acid or 85 per cent 
alcohol.1°% 


4’-Aminobenzyl-p-arsanilic acid, H,O0,;AsC,H,NHCH.C,H,NH,, pro- 
duced by reducing the preceding nitro compound with ferrous hydroxide, 
consists of colorless aggregates of microscopic leaflets decomposing at 
about 202°, and practically insoluble in hot water or 50 per cent alcohol. 
On boiling its dilute ammoniacal solution there is precipitated a white, 
amorphous alteration product which is not obtained with fixed alkali. 
The pure acid is soluble in both alkali and mineral acids, a solution in 
the latter being readily diazotizable, coupling with R-salt to form a 
deep red dye.1°* 


4’-Carboxybenzyl-p-arsanilic acid, H,O;AsC.Hy,NHCH.C,H,COOH, 
results from the interaction of p-carboxybenzyl chloride and atoxyl, 
finally crystallizing as delicate, microscopic needles which do not melt 
below 280°, are sparingly soluble in hot 50 per cent alcohol or acetic 
acid, and insoluble in the other neutral solvents. Its sodium salt con- 
sists of aggregates of flat needles containing about 0.5 molecule of 
water of crystallization.?°° 


4’-Carboxamidobenzyl-p-arsanilic acid, 
H,O,AsCsH,NHCH.C,H,CONH,. 


Sheaves and plumes of microscopic needles prepared from atoxyl and 
p-(@-chloromethyl) benzamide. The acid does not melt below 280°, and 
is almost insoluble in boiling water, 50 per cent alcohol or methyl 
alcohol. Its sodium salt erystallizes with 2.5 molecules of water as 


aggregates of thin plates easily soluble in water.'°"® 
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3’-Nitro-4’-hydroxybenzyl-p-arsanilic acid, 
H,0,AsC,H,NHCH.C,H,; (OH) (NO,), 


is obtained from atoxyl and 3-nitro-4-hydroxybenzyl chloride in alcohol 
medium, and separates from 85 per cent alcohol as minute, yellow crys- 
tals containing one molecule of water of crystallization. When rapidly 
heated the anhydrous substance darkens and sinters above 210°, and 
decomposes at about 245-50°; it is practically insoluble in boiling water, 
sparingly in cold acetic acid, methyl or ethyl alcohol and readily on 
boiling:*°%* 


3’-Amino-4’-hydroxybenzyl-p-arsanilic acid, 
H,O,AsC,.H,NHCH.C,.H; (OH) (NH.), 


from the preceding compound by reduction with ferrous hydroxide, forms 
almost colorless, microscopic platelets containing 0.5 molecule of water 
of crystallization. It is sparingly soluble in boiling water or 50 per cent 
alcohol, and does not melt below 285° .1°°7 


Phenoxyethyl-p-arsanilic acid, CyH;0CH.,CH,;NHC,H,As0O;H,, is 
obtained by boiling atoxyl, phenoxyethyl bromide, sodium iodide and 
alcohol, the acid separating as glistening scales containing 1H,O, very 
sparingly soluble in boiling water or acetic acid, appreciably so in hot 
methy! or ethyl alcohol, and remaining undecomposed below 280° when 
anhydrous. The sodium salt crystallizes with 3.5 molecules of water 
as flat, microscopic needles.'°°s 


4’-Acetylaminophenoxyethyl-p-arsanilic acid, 
CH,CONHC,H,OCH,CH,.NHC,H,AsO;H). 


p-Arsanilic acid is condensed as in the previous example with p-acetyl- 
aminophenoxyethyl bromide to form delicate, glistening needles and 
platelets which do not melt below 275°. It is practically insoluble in 
boiling water, very difficultly soluble in hot methyl or ethyl alcohol, 
but dissolves in hot 50 per cent alcohol or glacial acetic acid. The 
sodium salt crystallizes with about 3 molecules of water as colorless 
microscopic platelets.'°"* 


2’-Carboxamidophenoxyethyl-p-arsanilic acid, 
H,O,AsC,HzaNHCH,CH,OC,H,.CONH), 


is made from salicylamidebromoethyl ether (2-bromoethoxybenzamide) , 
crystallizing in wedge-shaped, microscopic prisms very difficultly soluble 
in boiling water, and sparingly in most hot solvents except hot acetic 
acid or 50 per cent alcohol. It melts on prolonged heating at 280°, but 
not below this temperature.'°** , 
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N-(Phenyl-4-arsonic acid) acetylglycine, 
H,O,AsC,H,N (COCH,) (CH,COOH), 


is prepared by condensing arsenic trichloride with acetylanilinoaceto- 
COCH; 


nitrile, C.,H;N , oxidizing the resulting dichloroarsine to the 


CH.CN 


arsonic acid, and finally saponifying the nitrile group.** 


Amyl ester of N-(phenyl-4-arsonic acid) nitrosoglycine, 
H,0,AsC,H,N (NO) CH,CO.C;Hi1, 


is prepared by treating a solution of the amyl ester of N-(phenyl-4- 
arsonic acid)methylglycine in 70 per cent sulfuric acid with a solution 
of sodium nitrite in the same solvent at 0°. The substance is colorless, 
insoluble in water or mineral acids, soluble in acetic acid, and more so 
in alcohol or dilute alkalis. It decomposes with evolution of gas at 
150°, and evolves nitric oxide when copper powder is added to its 
solution in fairly concentrated sulfuric acid.'°*? 


N-(Phenyl-4-arsonic acid) nitrosoglycineamide, 
H,O,AsC,H.N (NO) CH,CONH,, 


results upon treating an aqueous solution of the sodium salt of N-(phenyl- 
4-arsonic acid) glycineamide with sodium nitrite and hydrochloric acid. 
It forms rosets and sheaves of silky needles which intumesce at 182-3°, 
and are readily soluble in hot water, acetic acid, methyl or ethyl alcohol. 
Under sulfuric acid it turns yellow, dissolving to an almost colorless 
solution giving a brown-red Liebermann test.'°* 


N-(Phenyl-4-arsonic acid) nitrosoglycineanilide, 

H,O,AsC,H,N (NO) CH,CONHC,H,, 
is produced by the action of sodium nitrite upon a glacial acetic acid 
suspension of N-(phenyl-4-arsonic acid)glycineanilide. It separates 
as sheaves of long, flat, colorless needles containing 1H.O, effervescing 
at 190-2°, very sparmgly soluble in boiling water, sparingly in cold 
95 per cent alcohol, readily in boiling 50 per cent alcohol and quite 
easily in acetic acid. It is turned brown by sulfuric acid, but dissolves 
to a colorless solution; in the presence of phenol, however, a brown 
solution is obtained, changing rapidly to deep green.'°*! 


N-4-Nitroso methylaminophenylarsonic acid, 
H,0,AsC,H,N (CH,) (NO), 


may be produced by treating p-dimethylaminophenylarsonie acid, dis- 
solved in moderately strong sulfuric acid, with a solution of sodium 
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nitrite at 0°,1°° or by introducing the nitroso group into N-4-methyl- 
aminophenylarsonic acid.1°! It consists of white needles decom- 
posing at 182-90°, and difficultly soluble in alcohol or acetic acid. 
On warming with strong hydrochloric acid the nitroso group is 
split. off. 


N-4-Acetyl methylaminophenylarsonic acid, 
H,O;AsC.H,N (CH;) (OCCH,), 


is obtained by the method indicated under methylarsanilic acid. It is 
a white crystalline powder, soluble in hot alcohol or water, and melting 
with sintering at 195°. It can be saponified with dilute alkalis to 
methylarsanilic acid.1°*? 


N-(Phenyl-4-arsonic acid) methylglycine, 
H,0;AsC,H,N (CH;) CH,COOH, 


as well as the corresponding ethyl and amyl derivatives, are obtained 
by the hydrolysis of their esters with caustic soda. The first mentioned 
is a white crystalline powder which evolves carbon dioxide at higher 
temperatures, yielding 4-dimethylaminophenylarsonic acid. 

The esters just referred to may be obtained by reacting N-phenyl- 
alkylglycine esters with arsenic trichloride or bromide in a pyridine 
medium at 108-10°, and oxidizing the resulting products with hydrogen 
peroxide in aqueous solution. In this way the ethyl, propyl and amyl 
esters of N-(phenyl-4-arsonic acid)methylglycine and ethyl and amyl 
esters of N-(2-methylphenyl-4-arsonic acid)methylglycine have been 
prepared. The propyl ester of N-(phenyl-4-arsonic acid) methylglycine, 
H.O,AsC,H,N (CH,;)CH:COOC;H,, is a white crystalline mass melting 
at 153-4° and blackening at 190°. It is sparingly soluble in water, 
ether or mineral acids, but more so in alcohol, acetone or acetic 
acid.11%, 1101 


4-Dimethylaminophenylarsonic acid, (CH;)2.NC,.H,AsO(OH)2, may 
be formed from p-arsanilic acid by heating with an excess of dimethyl- 
sulfate, adding an excess of caustic soda to the product, and precipitat- 
ing with acetic acid; %°? also by oxidizing dimethylaminophenylarsine- 
oxide either with a slight excess of mercuric oxide in aqueous 
suspension 12°? or with hydrogen peroxide in alkali medium. In the 
latter case it is not essential to isolate the oxide, it being merely neces- 
sary to condense dimethylaniline with arsenic trichloride and add caustic 
soda until the precipitated oxide is redissolved."'°* 

The acid separates in long, colorless leaflets sparingly soluble in 
alcohol or water, more so in hot water, alcohol or dilute acetic acid, and 
readily in dilute mineral acids or alkalis, On heating it gradually 
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decomposes without melting. Its monosodium salt crystallizes with 
five molecules of water in the form of shiny leaflets. 


11. Di- and Triamino Aryl Arsonic Acids——The preparation of 
arsonic acids containing more than one amino group in the nucleus may 
be effected by mildly reducing the corresponding nitroamino derivatives. 
The reagents employed are sodium hydrosulfite at low temperature, fer- 
rous chloride or sulfate in alkaline medium, or hydrogen under pressure 
in the presence of palladous hydroxide as a catalyst. They may also 
be obtained by oxidizing the corresponding tetraamimo arseno com- 
pounds. 

The products are crystalline substances soluble in dilute alkalis or 
mineral acids, methyl alcohol, acetic acid or hot water, sparingly in 
ethyl alcohol or cold water, and insoluble in the other organic solvents. 
They are less stable than the monoamino acids—their alkaline solutions 
oxidize more rapidly on exposure to air, and also reduce ammoniacal 
silver solutions. The 3,4-diaminophenyl- and the 5,6-diamino-3-methyl- 
phenylarsonic acids give characteristic deep violet colorations with 
potassium bichromate solution in the presence of dilute hydrochloric 
acid. It is interesting to note that on diazotizing 2,5-diaminophenyl- 
arsonic acid, only one amino group is affected, and that the diazo group 
may be replaced by hydrogen, yielding m-arsanilic acid. On the other 
hand, the 3,4-diamino acid cannot be diazotized, forming diazimido- 
phenylarsonic acid with one mole of nitrous acid at 0°. 

The N-substituted derivatives are made either directly from the 
amino acids or by reducing the corresponding nitro acids. 


2,3-Diaminophenylarsonic acid, H,O;AsCsH,(NH.)., may be ob- 
tained as lustrous leaflets, m. p. 205-8°, when the 2-nitro-3-amino acid 
is mildly reduced with sodium hydrosulfite at ordinary temperature, 
and the resulting product recrystallized from water.™4 


8,4-Diaminophenylarsonic acid is prepared by the reduction of an 
alkaline solution of the corresponding nitro amino acid with either 
sodium hydrosulfite at 0°,1!°° or with hydrogen under pressure, palladous 
hydroxide being used as a catalyzer.°*' It erystallizes from hot water 
in colorless prisms containing $H,O, darkening at 140° and melting 
with decomposition at 158-9°. The compound is readily soluble in acids, 
alkalis, hot water, methyl alcohol, glacial or 50 per cent acetic acid, 
sparingly in cold water or alcohol, insoluble in acetone or ether, and 
reduces ammoniacal silver solution. Its acid solution gives a deep violet 
color with a drop of potassium bichromate, while its alkaline solution 
darkens on standing in air. It behaves like a typical ortho diamine, 
yielding a diazimine with nitrous acid, a carbamide derivative with 
phosgene and an azine with phenanthraquinone. 
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o-Phenyleneurearsonic acid (Benzimidoazolonearsonic acid), 
NH 
ie eS 
H,O;,AsC,H, CO. 
me 
NH 
Prisms or platelets not melting at 300°, and only slightly soluble in 
water or the usual solvents. It is formed by treating a solution of 
3,4-diaminophenylarsonic acid in dilute soda with a solution of phosgene 
in toluene, extracting with ether and acidifying.11"° 


Diazoimidophenylarsonic acid, H.0,AsC,H,, N, made by treat- 
NH 


ing a hydrochloric acid solution of 3,4-diaminophenylarsonic acid with 
one molecular proportion of sodium nitrite at 0°, crystallizes as color- 
less prisms carbonizing above 300°, soluble in alkalis, concentrated 
mineral acids, hot water, 50 per cent acetic acid, methyl or ethyl alcohol 
but only sparingly so in glacial acetic acid, acetone or ether. It forms 
no dyes with azo components.1'°7 


2,5-Diaminophenylarsonic acid (p-Phenylenediaminearsonic acid).— 
From 2-amino-5-nitrophenylarsonic acid in alkaline solution by reduc- 
tion with ferrous chloride at ordinary temperature. It crystallizes as 
fine needles which turn violet on exposure to air or sunlight, decompose 
at 210-15°, are sparingly soluble in cold water or alcohol, but readily in 
hot water, dilute acids, alkalis or sodium acetate solution. On diazotiz- 
ing, only the amino group in position 2 is affected, the resulting diazo 
solution coupling readily with resorcinol or B-naphthol but slowly with 
R-salt. By treating the above diazo solution with alcohol and copper 
powder, m-arsanilic acid is obtained.*** !1°° 

(NH,)>» 


§,6-Diamino-3-methylphenylarsonic acid, H,O,AsC.H, , is 
OH; 


derived from 5-nitro-6-amino-3-methylphenylarsonic acid by reduction 
with sodium hydrosulfite in alkaline solution at —1°. It crystallizes 
from water with 14-2H.O as colorless needles which slowly decompose 
on keeping, are fairly readily soluble in methy! alcohol or acetic acid but 
very sparingly so in ether, benzene or petroleum. Its solution in dilute 
hydrochloric acid gives a characteristic deep violet coloration with a 
drop of potassium bichromate solution." 
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3,4,6-Triaminophenylarsonic acid, H.O;AsC,H2(NHz2)s, results upon 
reducing an alkaline solution of 3,5-dinitro-4-aminophenylarsonic acid 
with ferrous chloride 1*° or sodium hydrosulfite at 0-5°.5° It exists 
as colorless needles which decompose at 170-5°, are practically in- 
soluble in alcohol, water or acetone, difficultly soluble in methyl alcohol, 
50% acetic acid or sodium acetate solution, but more easily upon warm- 
ing, and are readily soluble in dilute mineral acids, alkali hydroxides 
or carbonates. It can be diazotized to a yellowish diazo compound 
which couples orange with resorcin and brilliant bluish-red with R-salt. 
Its alkaline solution yields an unstable red coloration with potassium 
ferricyanide or sodium hypochlorite; its ammoniacal solution slowly 
reduces silver nitrate, while its concentrated sulfuric acid solution gives 
with one drop of nitric acid a brown coloration which rapidly changes 
to olive green and finally to pure blue. 


3-Amino-4-carbethoxyaminophenylarsonic acid, 
H,O;AsCgH; (NH) (NH.COOC,H;), 


is formed by reducing the corresponding nitrocarbethoxy compound with 
ferrous sulfate in the presence of an ammoniacal barium hydroxide solu- 
tion??? 


3,4-Di(acetylamino) phenylarsonic acid, H.O;AsCsH;(NH.COCHs)>, 
is produced by treating a methyl alcoholic solution of the corresponding 
diamino arsonic acid with a mixture of acetic acid and acetic anhydride, 
distilling off the alcohol, and boiling the residual solution. It crystallizes 
from water as a felted mass of fine needles retaining from 2-2}% of the 
solvent. On heating with water in a sealed tube at 130° for several 
hours, 2-methyl-1,3-benzodiazole-5-arsonic acid is formed.t!! 


2,5-Diaminophenylarsonic acid oxanilide, 
OC.HNC,H;(NH.,) AsO;H, 


| 
OC.HNC.H; (NH,) AsO,H, 


is obtained by reducing 5-nitro-2-aminophenylarsonic acid oxanilide with 
iron powder and dilute acetic acid.11¥ 


12. Halogenated Amino Aryl Arsonic Acids—Upon attempting to 
halogenate the aminoarylarsonic acids directly in aqueous or mineral 
acid solution, the C-As linkage is destroyed, and the products obtained 
are trihalogenated amines, arsenic- and haloid acids, e.g., 


HEN..C. FAs. HH, +- 3Bry. + H,O i 
H,N.C,H.Br; + H;AsO, + 3HBr. 


This decomposition can be almost entirely avoided by treating the 
above amino acids either with halogens in an anhydrous solvent such 
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as absolute methyl alcohol or glacial acetic acid, or with nascent halogens 
derived from sodium hypochlorite, sodium hypobromite or a mixture 
of potassium iodate, iodide and sulfuric acid. The resulting deriva- 
tives are sometimes contaminated with trihalogenated anilines formed 
during the reaction, but separation may be effected by means of sodium 
dasvenate: in which the impurity is insoluble. 

Compounds of the same type may also be obtained by the feet 
arsenation of halogenated anilines according to the Béchamp reaction; 
from halogenated nitro arsonic acids by treatment with reduced nickel 
under pressure; or by hydrolyzing the corresponding N-acylamino arsonic 
acids. The latter may be prepared by treating halogenated monoacyldi- 
amino derivatives according to Bart’s method, or by oxidizing the arsine- 
oxides with either mercuric oxide or hydrogen peroxide in alkaline 
solution. 

The halogenated amino acids are lustrous, well-defined crystalline 
solids readily soluble in alkalis, insoluble in aqueous mineral acids, and 
are less basic than the amino arsonic acids. The acids containing one 
halogen atom can be more readily diazotized than those with two such 
substituents. The resulting diazo solutions are very stable—they can 
be warmed without evolution of nitrogen or conversion into phenolic 
compounds, while their ability to couple with various azo components 
remains unaffected. In addition they form triazo compounds with sodium 
azide. An interesting method of distinction between mono- and di- 
halogenated p-arsanilic acids is afforded by (6-naphthoquinonesulfonic 
acid which forms a red condensation product with the first, but does 
not react with the second. 


5-Chloro-2-aminophenylarsonic acid, (Cl) (H.N)C,.H;AsO(OH)., is 
prepared from arsenic acid and 4-chloroaniline by the Béchamp reaction, 
and consists of needles which melt at 207°, are sparingly soluble in 
cold water, ether or benzene but readily so in boiling water, methyl 
or ethyl alcohol.%** 


6-Ch!oro-3 -aminophenylarsonie acid is produced upon reducing the 
corresponding nitro derivative in alkaline solution by means of hydrogen 
under pressure in the presence of reduced nickel. The product crystallizes 
in fine, white needles difficultly soluble in water, more easily in alcohol, 
and decomposing without melting when heated.” 


3-Chloro-4-aminophenylarsonic acid may be obtained from 2-chloro- 
aniline by the Béchamp reaction,°** or by chlorinating acetyl-p-arsanilic 
acid with either chlorine in glacial acetic acid medium or with sodium 
hypochlorite in the presence of water, and subsequently removing the 
acetyl group by boiling with aqueous caustic soda.'* It consists of 
white needles, m. p. 305°; readily soluble in alkalis, methyl or ethyl 
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alcohol, sparingly so in hot water, dilute mineral acids or glacial acetic 
acid and insoluble in ether or acetone. When boiled with water, sodium 
acetate and sodium-f-naphthoquinonesulfonate, it yields a red solution, 
from which glacial acetic acid precipitates a red condensation product 
on standing. 


3-Bromo-4-aminophenylarsonic acid results on brominating p-arsanilic 
acid in glacial acetic acid with half the theoretical amount of bromine: 


2H,.N.C,H,AsO,H, + Br. ——> 
(Br) (H,N)C,H,AsO,H, -- (HBr. H,N)C,H.As0O;Ho. 


It forms white needles not melting below 255°; possesses the same solu- 
bilities as the corresponding chloro- compound, and reacts similarly with 
sodium-f-naphthoquinonesulfonate.1!* 


3-Iodo-4-aminophenylarsonic acid separates on treating p-arsanilic 
acid in methyl alcohol with iodine in the presence of mercuric oxide. 
It consists of almost colorless needles readily soluble in methyl! alcohol 
or alkalis, less so in ethyl alcohol, sparingly in glacial acetic acid or 
hot water and insoluble in acetone. It decomposes above 255°, and 
reacts with sodium-$-naphthoquinonesulfonate lke the preceding com- 
pounds.'##® On adding sodium azide to its diazo solution, it yields a 


I 


white precipitate of 3-iodo-4-triazophenylarsonic acid, H,O,AsC,H, 
ae 
N,; 
which is readily soluble in alkalis, methyl or ethyl alcohol but onl 
sparingly so in cold water.1°!® 


) 


2,6 - Dichloro - 4- aminophenylarsonic acid, (H.N)Cl.C,;H.AsO;Hs2, 
m. p. 197°, is made by hydrolyzing the corresponding acetyl derivative 
with dilute alkali.*t® 


8,6-Dichloro-4-aminophenylarsonic acid, formed on chlorinating 
p-arsanilic acid in glacial acetic acid, erystallizes in lustrous needles 
which do not melt below 255°, are readily soluble in methyl! alcohol or 
alkalis, less so in ethyl alcohol or glacial acetic acid, sparingly in hot 
water and insoluble in acetone. It does not react with sodium-(6-naph- 
thoquinonesulfonate.1*® It yields a white, crystalline triazo compound 
upon diazotizing and treating with sodium azide.®*s 


3,5-Dibromo-4-aminophenylarsonic acid exists as almost colorless 
needles resembling the corresponding dichloro derivative in its properties. 
It is obtained by the action of sodium hypobromite upon p-arsanilie acid 
dissolved in cold dilute hydrochloric acid.t! 
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3,6-Duodo-4-aminophenylarsonic acid results upon adding aqueous 
potassium iodide to a similar solution of p-arsanilic acid, dilute sul- 
furic acid and potassium iodate and warming on a water-bath. The 
product crystallizes in almost colorless needles readily soluble in alkalis 
or methyl alcohol, less so in ethyl alcohol or acetic acid, difficultly 
soluble in hot water and insoluble in ether or acetone. It does. not 
melt below 250°.117 


3-Chloro-4-acetylaminophenylarsonic acid, 
(CH,;CO.HN)CIC,H;AsO(OH)., 


is obtained by the action of either chlorine or sodium hypochlorite upon 
acetyl-p-arsanilic acid suspended in glacial acetic acid.'!8 


2-Chloro-4-allylthiocarbamidophenylarsonic acid, 
(C;H;NHCSHN) (Cl) C,H;,AsO(OH),, 


prepared from 2-chloro-p-arsanilic acid and allyl mustard oil decom- 
poses without melting when heated.°® 


2,6-Dichloro-4-acetylaminophenylarsonic. acid, 
Cl 


i 
H,O,AsC,H. an Cl d 


NHOCCH, 
is made from 1-amino-2,6-dichloro-4-acetylaminobenzene by Bart’s 


method. It is insoluble in cold water, readily soluble in hot water, 
alcohol or alkalis, and does not melt at 250°.° 


2-Chloro-4-methylaminophenylarsonic acid, 
(HC HN) (Cl) C.H.AsO.H:, 
is prepared by oxidizing the corresponding arsineoxide with hydrogen 
peroxide in alkaline solution. It is a white powder melting at 211°, 


insoluble in cold water, acetone or chloroform but soluble in hot water 
or alcohol.®*? 


2-Chloro-4-dimethylaminophenylarsonac acid, 
[ (CH;)2N] (Cl) CeH,AsO.H2, 
is produced like the preceding acid, and consists of a white powder melt- 
ing above 300°, insoluble in cold water or alcohol, slightly soluble in 
hot alcohol, cold concentrated hydrochloric acid or glacial acetic acid 
and easily soluble in aqueous alkalis.°* 
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2-Bromo-4-dimethylaminophenylarsonic acid decomposes at 235°. It 
is derived from the corresponding arsineoxide by oxidation with either 
mercuric oxide or hydrogen peroxide in alkaline solution.***° 


2,6-Dichloro-4-dimethylaminophenylarsonic acid, 


Cl 


H,0,AsC,H, — Cl 


N(CHs)2 


from 2,6-dichloro-4-aminophenylarsonic acid by treatment with di- 
methyl sulfate, is a reddish powder insoluble in dilute acids, cold water, 
benzene or acetone but soluble in alkalis, hot alcohol or glacial acetic 
acid"? 


13. Nitro Amino Aryl Arsonic Acids.—Since direct nitration of un- 
substituted amino arylarsonic acids yields a mixture of various products, 
such as the mono- and dinitro derivatives, diazo arsonic acids, etc., 
various indirect methods have been devised for the introduction of nitro 
groups into the nuclei of amino arsonic acids, the most satisfactory of 
which depend upon: 

1. The nitration of carbethoxy-, acetyl- or oxalylamino arsonic acids 
and subsequent removal of the acyl group by hydrolysis. 

2. Replacement of the free amino group of a nitroacetyldiamine by 
an arsonic acid radical according to Bart’s method, and splitting off the 
acetyl group. 

In one case the desired result has been obtained by replacing the 
halogen atom of a halogenated nitroarsonic acid with an amino group 
by heating with ammonia in an autoclave. In addition to these indirect 
methods, it has been found possible to arsenate both ortho and para 
nitroanilines directly by Béchamp’s reaction. 

The products are yellowish crystalline solids which are soluble in 
alkalis or hot water, less so in mineral acids, and can be readily re- 
duced to the corresponding diamino acids. The most interesting member 
of this chapter is 3-nitro-4-aminophenylarsonic acid. When warmed 
with concentrated alkali solution, its amino group is split off as ammonia 
and replaced by a hydroxyl: 


AsO,H, AsO;H, 
Geils os NO, SS Hise eal NO, 
mS * 
NH, OH 


It can be readily diazotized and the resulting diazo compound con- 
verted into a triazo derivative by treating with sodium azide; into 3-nitro- 


PENTAVALENT AROMATIC ARSENICALS 329 


phenylarsonic acid with hypophosphorous acid; or into a hydroxy-diazo 
arsonic acid by treating with sodium acetate: 


Pe AsO.H. AsO.H, 
Sodium Vg 
C.H; — NO, > C,H; — OH 
acetate AS 
N= NX INS 


On boiling the above nitro diazo arsonic acid in mineral acid solution, 
no replacement of the diazo group by a hydroxyl occurs, the arsenic 
being split off instead. The only dinitro amino acid thus far prepared 
is characterized by its inability to yield a diazo compound by any of 
the known methods. 

The N- substituted nitro amino arsonic acids which behave like a 
nitro compound as well as a substituted amino acid, are prepared by 
nitrating the corresponding N- substituted amino arsonic acids; from 
N- monosubstituted diamines by Bart’s method; or from halogenated 
nitro arsonic acids by condensing with various amino derivatives: 


AsO;3H, AsO.H, 
7a ra 
4 ze NO, + H,N.R’ —> R—NO, + HX (X = halogen). 
xX INTLR? 


5-Nitro-2-aminophenylarsonic acid, H.O,;AsC,H;(NO.)NH,. — 4- 
Nitroaniline, unlike other p- substituted aromatic bases, gives good results 
when condensed with arsenic acid by the Béchamp reaction at 210°. 
The product consists of lustrous, orange-yellow prisms melting with 
decomposition at 235-6°, sparingly soluble in water or dilute acids in 
the cold, but readily on heating, and readily soluble in alkali hydroxides 
or carbonates, sodium acetate, methyl or ethyl alcohol. It can be 
diazotized in mineral acid solution, yielding a soluble, almost colorless 
diazonium compound which couples readily to form azo derivatives, 
and whose diazo group may be replaced by hydrogen, forming 3-nitro- 
phenylarsonic acid. Boiling the nitro amino arsonic acid with potassium 
iodide and sulfuric acid converts it into o-iodo-p-nitroaniline; on 
reduction it yields p-phenylenediaminearsonic acid, while warming 
with caustic potash causes a replacement of the amino group by a 
hydroxy1."1?° 


2-Nitro-3-aminophenylarsonic acid is obtained by hydrolyzing the 
corresponding nitrocarbethoxyaminophenylarsonic acid with concen- 
trated sulfuric acid at 70-80°, pouring on ice, and then neutralizing 
with caustic soda. It forms orange-yellow needles sparingly soluble 
in dilute mineral acids or hot water. It is converted into the corre- 
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sponding nitro hydroxy arsonic acid by boiling concentrated potassium 
hydroxide solution,*?* and into a granular, yellow triazo compound, 


NO, 
Yi 
H,O,AsC.H: ) 
N; 


by diazotizing and treating with sodium azide.’**? 


6-Nitro-3-aminophenylarsonic acid—m-Arsanilic acid is first con- 
verted into its oxalyl derivative, which is then dissolved in sulfuric 
acid, nitrated at 0-5°, and the resulting substance hydrolyzed by boiling 
with 2N-hydrochloric acid. The product separates as pale yellow 
needles, whose amino group may be replaced by a hydroxyl as above.*?*? 


2-Nitro-4-aminophenylarsonic acid is prepared by treating 2-nitro- 
4-acetyl-p-phenylenediamine according to Bart’s method and _ subse- 
quently hydrolyzing to remove the acetyl group. It crystallizes in 
orange-yellow needles which darken at 240°, decompose at 258°, and 
are sparingly soluble in cold water, dilute mineral acids or alcohol, 
though more soluble in methyl alcohol, glacial acetic acid, alkalis or 
sodium acetate.11*% 


3-Nitro-4-aminophenylarsonic acid may be prepared either by nitrat- 
ing 4-oxalylaminophenylarsonic acid and subsequently hydrolyzing; 1!°° 
by heating 4-chloro-3-nitrophenylarsonic acid with ammonia in an auto- 
clave at 120° and acidifying with hydrochloric acid; °8 by nitrating 
carbethoxy-p-arsanilic acid at O-5° and hydrolyzing; *°® or by the 
direct arsenation of o-nitroaniline at 200-10.° It forms yellow needles ~ 
readily soluble in hot water, 50% acetic acid, cold methyl or ethyl 
alcohol, alkalis or concentrated mineral acids, sparingly in glacial acetic 
acid and insoluble in dilute acids, acetone or ether. With hydriodic acid it 
yields successively 3-nitro-4-aminophenyldiiodoarsine and 4-iodo-2-nitro- 
aniline. On heating with alkali the amino group is replaced by a 
hydroxyl [distinction from these isomers in which the nitro and amino 
groups are in meta or para position to each other]|.'1** "°° It can be 
readily diazotized to 38-nitro-4-diazophenylarsonic acid which when 
coupled with R-salt in alkaline solution yields a red solution, while 
with resorcin an orange-yellow solution results. By treating this diazo- 
compound with sodium acetate, the nitro group is replaced by a 
hydroxyl; "°° reduction with hypophosphorous acid produces 3-nitro- 
phenylarsonic acid, while boiling in mineral acid solution splits off 
the arsenic. With sodium azide, the above diazo compound yields the 
corresponding triazo compound. The latter separates from dilute alcohol 
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as a yellow, crystalline powder which loses nitrogen 73-5°, forming 
3,4-dinitrosophenylarsonic acid.2!24 

The sodium, ammonium, silver, barium, calcium and copper salts, 
as well as the methyl and ethyl esters of the above arsonic acid have 
been prepared. 


5-Nitro-4-amino-3-methylphenylarsonic acid 
NO, 


, 


Va 
H,0,AsC,H, — NH, , 


results on nitrating either 4-acetylamino-3-methylphenylarsonic acid,!!27 | 
or 4-oxalylamino-3-methylphenylarsonic acid,°*t and removing the acyl 
group by hydrolysis. It exists as orange needles containing 14 molecules 
of water of crystallization, and is readily soluble in hot water. The 
amino group is replaced by a hydroxyl on heating the acid with concen- 
trated caustic potash solution. 


3,5-Dinitro-4-aminophenylarsonic acid, H.0;AsC,H,(NO,).(NH.,), is 
produced by nitrating 3-nitro-p-arsanilic acid at 0-5°,°® or by similarly 
treating p-arsanilic acid in concentrated sulfuric acid solution at 5° or 
below, allowing to stand for two hours at 10-15° and then pouring 
upon ice.1?® The admixture of trinitroaniline formed in the latter 
method is removed by dissolving the precipitate in aqueous soda, and 
extracting with ether. The acid separates as brownish-yellow, lustrous 
needles or leaflets, readily soluble in alkali hydroxides or carbonates 
and in sodium acetate, sparingly in water, alcohol or dilute mineral 
acids. It does not give the characteristic red coloration of dinitro- 
anilines with alcoholic potash, and cannot be diazotized. On treating 
its alkaline solution with bromine, 4-bromo-2,6-dinitroaniline is obtained, 
while on warming with dilute caustic potash, ammonia is liberated and 
the amino group replaced by a hydroxyl. With concentrated caustic 
potash, however, it yields a violet coloration changing to brownish red. 


2-Nitro-3-carbethoxyaminophenylarsomec acid, 
H,O,AsC,H,;(NO.) (NH.COOC,H;), 
obtained by nitrating the corresponding carbethoxy arsonic acid at 0-5°, 


is a pale yellow, crystalline powder sparingly soluble in water but 
readily in alkalis.*** 


3-Nitro-4-carbethoxyaminophenylarsonic acid, similarly prepared, 
crystallizes in yellowish needles slightly soluble in water.’ 
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5-Nitro-2-acetylaminophenylarsonic acid, 
(CH,CO.HN) (O,N)C,H,AsO;H2, 


is made by acetylating the corresponding amino arsonic acid.‘'?° 


2-Nitro-4-acetylaminophenylarsonic acid is formed as an intermediate 
product in the preparation of 2-nitro-4-aminophenylarsonic acid from 
2-nitro-4-acetyl-p-phenylenediamine by Bart’s method. It consists of 
yellowish-white, microcrystalline needles readily soluble in hot water, 
alcohol, glacial acetic acid or alkalis but sparingly in dilute mineral 
acids. On heating with dilute sulfuric acid the acetyl group is re- 
moved.'1*8 


2-Nitrophenylglycine-4-arsonic acid, 
H,O,AsC,H; (NO.) (NH.CH.COOH), 


results upon refluxing a solution of 4-chloro-3-nitrophenylarsonic acid 
in 5N-caustic soda with aminoacetic acid for 30 hours at 50°, and then 
acidifying. The yellow-colored product is imsoluble in acetone, ether 
or glacial acetic acid, dissolves in hot alcohol, cold alkali or hot water, 
and decomposes with faint intumescence when heated.°*s 


8-Nitro-4-benzenesulfamidophenylarsonic acid, 
H,O0,AsC.H; (NO.) (NH.SO.C,H;). 


4-Chloro-3-nitrophenylarsonic acid and benzensulfonamide dissolved in 
5N-sodium hydroxide are heated in an autoclave at 120° for two hours, 
then 150° for 9 hours and finally precipitated with dilute acid. On 
removing the admixture of unchanged benzenesulfonamide with ether the 
product remains as a pale brown substance easily soluble in alkali, hot 
water or alcohol, less so in acetone and insoluble in ether.®?® 


CaN: itro-2-aminophenylarsonic oxanilide, 
CO.HN(NO,)C,H;AsO (OH). 


| 
CO.HN(NO.)C,H,AsO (OH), 


may be prepared by grinding together 5-nitro-2-aminophenylarsonic 
acid, oxalic acid and 10N-sodium hydroxide, heating the mass in an 
oil bath at 110-130° until all the water has been driven off, and finally 
heating the resulting solid at 160-5°.11? 


2,6-Dinitrophenylglycine-4-arsonic acid, 
H,0;AsC,H, (NO.),(NH.CH.COOH), 


obtained from 4-chloro-3,5-dinitrophenylarsonic acid and aminoacetic 
acid dissolved in N-caustic soda, is a yellowish-green powder intumescing 
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on heating; dissolves in alkalis, hot water, alcohol, glacial acetic acid 
or acetone, but is insoluble in ether.®?8 


3,5-Dimtro-4-benzenesulfamidophenylarsonic acid, 
H,O0;AsC,H, (NO.).(NH.SO.C,H;), 


is made from 4-chloro-3,5-dinitrophenylarsonic acid and benzenesul- 
fonamide by the method employed in the preparation of the correspond- 
ing mononitro compound. It is a brownish substance which decomposes 
with intumescence on heating; is soluble in alkalis, hot water, alcohol 
or glacial acetic acid and insoluble in ether, cold glacial acetic acid or 
dilute acids.°?8 


3-Nitro-4-methylaminophenylarsonic acid, 
H,0;,AsC.H;(NO.) (NH.CH,), 


results on heating the sodium salt of 3-nitro-4-chlorophenylarsonic acid 
with methylamine hydrochloride in an autoclave at 100°. It is a yellow 
substance which intumesces on heating, is easily soluble in alkalis, 
sodium acetate or hot alcohol, difficultly so in cold alcohol, practically 
insoluble in water or dilute mineral acids and insoluble in acetone or 
ether.°?8 


2-Chloro-5-nitro-4-methylaminophenylarsonic acid, 
H,0;AsC.H,(NO,) (Cl) (NH.CHs), 


consists of yellow needles produced by warming 2,4-dichloro-5-nitro- 
phenylarsonic acid with an aqueous solution of methylamine.°®°° 


3,5-Dimitro-4-methylaminophenylarsonic acid, 
H,O;AsC.H,(NO2).(NH.CHs), 

is a lemon-yellow crystalline powder obtained by nitrating 3-nitro-4- 
methylaminophenylarsonic acid; °%°® by warming alcoholic 4-chloro-3,5- 
dinitrophenylarsonic acid with methylamine in the same solvent; °’* or 
by treating a sulfuric acid solution of 3,5-dinitro-4-methylnitramino- 
phenylarsonie acid with mercury and shaking for some time, then pour- 
ing on ice, separating from metallic mercury, and finally decomposing 
the yellow precipitate with either sodium hydroxide or carbonate.°°° The 
compound melts with decomposition at about 164°; dissolves in alkalis, 
hot water, alcohol, glacial acetic acid or aqueous sodium acetate, but is 
insoluble in mineral acids, acetone or ether. 


2-Chloro-3,5-dinitro-4-methylaminophenylarsonic acid, 
H,O,AsC,HCl(NO,).(NH.CHs,), 


is prepared by nitrating the corresponding 5-nitro compound at 0°. It 
crystallizes from water in which it is difficultly soluble, and melts with 


decomposition at 196°.°° 
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3,5-Dinitro-4-methylnitraminophenylarsonic acid, 
CH; 


wh 
H,0,AsC.H2 (NO.)2N 


is derived from aromatic arsenicals in which the p-position to the arsenic 
CH; 


is occupied by the group —N (where R stands for hydrogen 


R 

as in N-methylaminophenylarsonic acid, or for an acid residue as in 
either N-acetylmethylaminophenylarsonic acid or N-nitrosomethyl- 
aminophenylarsonic acid), by nitrating with a mixture of fuming nitric 
and concentrated sulfuric acids.1° It may also be obtained by similarly 
nitrating 3-nitro-4-methylaminophenylarsonic acid,®*** 4-dimethylamino- 
phenyldichloroarsine, the corresponding arsineoxide or arsonic acid.1"2® 118° 

In all cases the nitration-product is warmed on the water-bath for 
several hours prior to its precipitation upon ice. The product is readily 
soluble in hot alcohol or acetone, in glacial acetic acid, sodium acetate 
solution, alkali hydroxides or carbonates, but is insoluble in dilute 
mineral acids. When heated on a platinum foil it deflagrates. 


2-Chloro-3,5-dinitro-4-methylnitraminophenylarsonic acid, 
CH, 


vA 
H,0,AsC,HCl(NO,).N 
as 
NO, 


is formed on nitrating 2-chloro-4-dimethylaminophenylarsineoxide at 
5° like the preceding compound. It consists of a slightly yellowish 
powder soluble in aqueous sodium hydroxide, acetone, hot water, methyl 
or ethyl! alcohol and insoluble in ether, chloroform or benzene. It ex- 
plodes on heating.**® 


2-Bromo-3,5-dinitro-4-methylnitraminophenylarsonic acid is a yel- 
low powder resembling the preceding acid both in method of preparation 
and properties.®1§ 


3,5-Dinitro-2-methylamino-4-methylnitraminophenylarsonic acid, 


ve 
H,0,AsC,H (NO:).(NH.CH,)N 
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is a yellow powder soluble in alcohol, acetone or glacial acetic acid, 
insoluble in ether, chloroform or benzene, and exploding when heated. 
It results upon treating 2-chloro-3,5-dinitro-4-methyInitraminophenyl- 
arsonic acid with a solution of methylamine.*"® 


N-(8-Nitrophenyl-4-arsonic acid)methylglycine amyl ester, 
HG 


N.C,H3(NO,) AsOsHo, 


vy 
H,,C,00C.CH, 
is prepared by treating 50 g. of N-(phenyl-4-arsonic acid) methylglycine 
amyl ester dissolved in 350 g. of sulfuric acid (228 c.c. conc. H.SO, 
and 152 g. H.O) with a mixture of one molecular proportion of nitric 
acid and 30 g. of 3:2 sulfuric acid at 38-40°. The product is precipi- 
tated in water as a dark yellow substance, m. p. 130°, slightly soluble 
in hot water but easily in alcohol. The amyl group may be removed 
by hydrolysis, yielding the free acid which is quite soluble in water.11*+ 


N-(2-Nitrophenyl-4-arsonic acid)methylglycine amyl ester is made 
like its isomer except that the sulfuric acid used in the nitrating mixture 
is more dilute (1:3) and the reaction-temperature lower (10-20°). The 
free acid is obtained in the same way.'**4 

The ortho and meta nitro isomers of the corresponding ethyl- and 
amylglycines have also been prepared.'t** 


2-Nitro-4-dimethylaminophenylarsonic acid, 
H,0,AsC.H;(NO,.)N(CHs)., 
results on nitrating the corresponding arsonic acid in concentrated sul- 
furic acid at 0°, and consists of golden yellow, long, flat needles sparingly 
soluble in hot water or alcohol, and melting at 204°.1'*? 


3-Nitro-4-dimethylaminophenylarsonic acid may be produced either 
by nitrating a suspension of 4-dimethylaminophenylarsonic acid in 
glacial acetic acid and subsequently adding acetic anhydride,"** or by 
warming together on a water-bath alcoholic solutions of 4-chloro-3-nitro- 
phenylarsonic acid and dimethylamine.*** It crystallizes in small, yellow 
needles soluble in water, acids or hot alcohol, insoluble in ether or 
acetone, and intumescing on heating. 


?-Nitro-4-dimethylamino-2-methylphenylarsonic acid, 
NO, 


7 
H,0,AsC-H;,—CH, , 
N(CH2)2 
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is deposited on heating the corresponding dimethylamino arsonic acid 
with nitric acid (d, 1.2) in a sealed tube at 180°. The compound in- 
tumesces upon heating.'!** 


?-Nitro-4-dimethylamino-3-methylphenylarsonic acid, similarly pre- 
pared at 150°, decomposes at 208°.11%° 


3,5-Dinitro-4-dimethylaminophenylarsonic acid, 


(NO,). 
u 
H,0,AsC,H; 


N(CHs)» 

may be obtained by digesting 3,5-dinitro-4-methoxyphenylarsonic acid 
with a 30% dimethylamine solution on a boiling water-bath; °* or by 
nitrating the corresponding dimethylaminoarsonic acid with 30% nitric 
acid either at 40° for two hours, or at ordinary temperature for three 
days.1'*? It separates in the form of yellow crystals melting with 
decomposition at 161°, almost insoluble in cold water, slightly more 
soluble in alcohol or acetone, but very easily soluble in the above 
solvents when hot. 

The mother liquor of the second process yields another dinitro com- 
pound whose exact character has not yet been established. It con- 
sists of small red plates which are less soluble in hot water than the 
yellow variety, and melt with decomposition at 158°. 


3,6-Dinitro-4-diethylaminophenylarsonic acid, 
H,0;AsC,H2 (NOz). [N (C.H;) 2] ) 
is prepared like the preceding homologue, employing diethylamine. 1t 
is a yellow, crystalline substance easily soluble in alkalis, quite difficultly 
so in cold but easier in hot water.®°s 
8,5-Dinitro-4-piperidophenylarsonic acid, 
(NO,)> 
Vie 
H,0;,AsC,H, ‘ 
ee 
_ N(CHz)s 
formed upon heating 3,5-dinitro-4-methoxyphenylarsonie acid with a 


50% piperidine solution, is a yellow, crystalline substance moderately 
soluble in water.®* 


2,6-Dichloro-3,5-dinitro-4-methylnitraminophenylarsonic acid, 
H,0;AsC,Cl.[ NO2]2[N(CHs) (NO.) J, 
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results upon nitrating 2,6-dichloro-4-dimethylaminophenylarsonic acid. 
It consists of a reddish powder decomposing at 200°, readily soluble in 
hot alcohol, aqueous sodium acetate or alkalis and insoluble in dilute 
acids, cold water or benzene.*"® 


14. Hydroxy Aryl Arsonic Acids.—Phenols, like amines, may be 
arsenated directly by the Béchamp reaction, the arsonic acid radical 
entering the para position to the hydroxyl. The acids of this group 
may also be obtained either from amino arsonic acids by diazotizing 
and replacing the diazo group with a hydroxyl in the usual manner, 
or by treating amino phenols according to Bart’s method or Mouneyrat’s 
modification of the same. The dihydroxy arsonic acids may also be 
prepared by the above methods, with the exception of 3,4-dihydroxy- 
phenylarsonic acid, which has been derived from the 4-hydroxy acid 
by treatment with potassium persulfate in alkaline solution. 

The acids are crystalline. solids generally soluble in water, alkalis, 
methyl or ethyl alcohol, or hot glacial acetic acid, either sparingly so 
or entirely insoluble in the other organic solvents, and form water- 
soluble alkali salts. With nascent halogens they yield the correspond- 
ing dihalogenated hydroxy arsonic acids together with more or less of 
the trihalogenated phenols. Some of the compounds, like the 2 and 
3-hydroxy arsonfe acids, couple readily with diazotized sulfanilic acid 
in alkaline solution, but the 4-isomer under these conditions gives up 
its arsenic in exchange for an azo group. 

The hydrogen of the hydroxyl may in many instances be replaced 
by various acyl or alkyl radicals in the usual manner, yielding O-sub- 
stituted hydroxy arsonic acids. The same products may also be 
obtained by oxidizing either the corresponding dichloroarsines with 
chlorine in aqueous medium, or the arsineoxides with hydrogen peroxide 
in alkaline solution; by the direct arsenation of alkoxy compounds, or 
from the corresponding amines by Bart’s method. 


2-Hydroxyphenylarsonic acid, H,O,AsC,H,.OH, is prepared by 
diazotizing a hydrochloric acid solution of o-arsanilic acid and warm- 
ing until all the nitrogen is driven off.1%° It is also obtained as a 
by-product in the direct arsenation of phenol,''*’ and in the preparation 
of o-phenylenediarsonic acid.**’ It crystallizes in long needles, m. p. 
196° (J.), 190° (K.); readily soluble in methyl or ethyl, alcohol, hot 
water or glacial acetic acid and sparingly in cold water, hot acetone or 
chloroform. It is distinguished from the meta and para isomers by the 
characteristic wine-red color it gives with ferric chloride solution. In 
alkaline solution it couples readily with diazotized sulfanilic acid, yield- 
ing a bright orange solution. It is readily precipitated from concen- 
trated solutions of its salts by hydrochloric acid, redissolving in excess. 
Acetic acid does not readily liberate it from its salts. 

The monosodium salt crystallizes with four molecules of water as 
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hexagonal platelets soluble in water. Its aqueous solution gives no 
immediate precipitate with calcium or barium ions, the latter coming 
down as a basic salt only after rendering the solution alkaline to 
phenolphthalein. Heavy metal ions produce immediate precipitates. 


3-Hydroxyphenylarsonic acid is made by diazotizing m-arsanilic 
acid in sulfuric acid, expelling the nitrogen and isolating the compound 
through the lead salt. It crystallizes as rhombic crystals, m. p. 159-73° ; 
readily soluble in water, methyl or ethyl alcohol, or in boiling acetic 
acid, sparingly so in hot acetone but insoluble in chloroform or benzene. 
In alkaline solution it couples readily with diazotized sulfanilic acid, 
producing a bright orange color. 

The monosodium salt crystallizes in rosets of flat needles very soluble 
in water. Its aqueous solution yields precipitates with the salts of 
heavy metals but not with those of caletum or barium.*!** 


4-Hydroxyphenylarsonic acid (Phenol-p-arsonic acid) may be ob- 
tained in a number of ways. A stirred mixture of phenol (94 parts) 
and crystallized arsenic acid (151 parts) are heated for four hours at 
150°, the resulting mass taken up with water, filtered and the filtrate 
evaporated to dryness in vacuo. From this solid the acid is extracted 
with acetone and finally recrystallized from glacial acetic acid.1%° A 
modification of this method consists in heating the mixture of the con- 
stituents at 155-60° for seven hours, removing the unchanged arsenic 
acid by means of barium hydroxide, and isolating the acid either as such 
or as the sodium salt.4*° The yield may be increased by working up 
the mother liquors.1**t 

By an easier method p-arsanilic acid (217 g.) is dissolved in water 
(2500 c.c.) and concentrated sulfuric acid (81.6 c.c.), diazotized with 
an aqueous solution of sodium nitrite (70 g. in 350 ¢.c.) at 0°, and the 
filtered solution warmed at 70° until all the nitrogen has been expelled. 
The excess of sulfuric acid is then removed by boiling with barium 
carbonate, the filtered solution treated with anhydrous sodium sulfate, 
decolorized with animal charcoal, and concentrated until the sodium 
salt crystallizes on cooling? This method has also been modified 
by diazotizing atoxyl in hydrochloric acid, evaporating the diazo solution 
to dryness, and extracting the dried residue with hot acetone, from which 
the free acid crystallizes.1**8 

Finally, the arsonic acid may be prepared from p-aminophenol either 
by Bart’s original method,*® 4 or by Mouneyrat’s modification.®® 

The free acid crystallizes in almost colorless prisms, m. p. 173-4°; 
readily soluble in cold water, alcohol or dilute mineral acids, less so in 
cold acetone and very sparingly in ether or ethyl acetate. It is decom- 
posed by bromine water, yielding tribromophenol, while on attempting to 
couple it with diazo compounds the arsenic is split off and replaced by 
the azo group, thereby resembling p-hydroxybenzoic acid. On the other 
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hand, it condenses readily with tetramethyldiaminobenzhydrol to the 
Celi,.N (CH): 


leuco compound, (H,0,As) (HO)C,H,.CH , which can 


Gaz N(CHa\e 
be oxidized to the corresponding dye.*!*® 
The sodium salt, HO.C.H,AsO;HNa, when treated successively with 
molybdenum trioxide and guanidinium chloride in aqueous solution, 
yields a mixture of white needles and plates," the first corresponding 


C.H,.0H 
to the formula (CN.H,).| As (Mo0,)« | 20) 


4-Hydroxy-2-methylphenylarsonic acid (m-Cresol-p-arsonic acid), 
OH 


HO; AsC.H. , results from the direct arsenation of m-cresol at 


CH, 
170°. It sinters at 160°; melts with decomposition at 183-5°, and 
resembles the succeeding isomeride in its physical and chemical prop- 
erties.***° 


4-Hydroxy-3-methylphenylarsonic acid (o-Cresol-p-arsonic acid) 
may be obtained from o-cresol and arsenic acid by heating together at 
140°, extracting the cooled mass with aqueous sodium carbonate, and 
removing the excess o-cresol with ether. The solution is then acidified, 
evaporated to dryness in vacuo, and the arsonic acid extracted there- 
from by means of acetone.*!*® The compound may also be produced 
from 4-amino-3-methylphenylarsonic acid by diazotizing in sulfuric 
acid solution and replacing the diazo group with a hydroxyl by means 
of steam.t'*?7 The compound forms yellowish crystals sintering at 150°, 
and melting with decomposition at 172°. It crystallizes from water as 
white prisms containing 1H.O and melting at 180°, but when dehy- 
drated it melts at 222° (Benda). It is readily soluble in hot water, 
methyl or ethyl alcohol, acetone, glacial acetic acid, alkali hydroxides 
or carbonates and in mineral acids, but sparingly in carbon bisulfide, 
benzene, ethyl acetate, ether, chloroform or hgroin. 

The monosodium salt crystallizes from water with 2H,O in the form 
of plates soluble in cold water with a neutral reaction but only sparingly 
soluble in alcohol.*** 


4-Hydroxy-a-naphthylarsonic acid (a-Naphthol-4-arsonic acid), 
H,O;AsCioH..OH, 


made by decomposing the diazo derivative of a-naphthylaminearsonic 
acid with steam, is isolated through the sodium salt, which consists of 
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well-defined needles. The free acid forms colorless needles or platelets 
readily soluble in hot water or alcohol and practically insoluble in ether, 
chloroform or petroleum ether. Its alkali salts are readily soluble in 
water, but those of the heavy metals are practically insoluble.®* 


4-Hydroxyanthraquinone-1-arsonic acid, 


CO 

eS 
(H,O;As) (OH) C,H, CoH. 

CO 
1,4-Aminohydroxyanthraquinone is dissolved in concentrated sulfuric 
acid, diazotized with “nitrose” (containing about 47 per cent of nitro- 
sylsulfuric acid) and coupled with sodium arsenite. It is then warmed 
to about 60°, left over night, filtered, and solid sodium chloride added 
to precipitate the sodium salt, from which the free acid is obtained by 
treating its aqueous solution with hydrochloric acid. The compound 
consists of yellow, felted needles decomposing indefinitely above 200°, 
somewhat soluble in water, boiling methyl or ethyl alcohol, easily soluble 
in concentrated sulfuric acid, aqueous soda or alkali, hot sodium acetate 
or boiling glacial acetic acid. When dissolved in two molecular pro- 
portions of alkah and precipitated with alcohol, red flakes are obtained, 
but when three molecules of alkali are used the result is a brown-violet 
salt which is dissociated in water. Magnesia mixture produces a brown- 
red precipitate even in the cold.11*8 


2,4-Dihydroxyphenylarsonc acid (Resorcinolarsonic acid), 
H,O,AsC,H;(OH)., 


is made from resorcinol and 83 per cent arsenic acid solution by heating 
on a water bath for two days. It forms colorless prisms, m. p. 191°; 
readily soluble in water, methyl or ethyl alcohol, sparingly so in glacial 
acetic acid or acetone and insoluble in ether, benzene or petroleum ether. 
With ferric chloride solution it gives a deep red coloration, but it does 
not reduce ammoniacal silver nitrate even upon warming.!!*° 


3,4-Dihydroxyphenylarsonic acid is prepared by treating an aqueous 
solution of 4-hydroxyphenylarsonic acid successively with 10N-caustic 
soda and powdered potassium persulfate. After 48 hours’ stirring the 
liquid is mixed with hydrochloric acid, boiled for 15 minutes and treated 
with ammonia and an excess of magnesia mixture. On boiling there 
separates the magnesium salt, from which the free acid is obtained by 
treating with hydrochloric acid. The compound is extremely soluble 
in water and differs from 4-hydroxyphenylarsonic acid in its powerful 
reducing action on ammoniacal silver nitrate in the cold, and by giving 
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with acid ferric chloride the green coloration characteristic of catechol 
derivatives.11%° 


4,8-Dihydroxyanthraquinone-1,6-diarsonic acid, 


"A 00 ae. 
PS SEP ate Ne 


H,0;As OH 


(Anthrarufindiarsonic acid), is formed from 1,5-diamino-4,8-dihydroxy- 
anthraquinone by Bart’s reaction. It is a yellow to brownish-yellow 
microcrystalline compound soluble in 10N-hydrochlorie or concentrated 
sulfuric acid, N-sodium hydroxide, 2N-soda and hot 2N-sodium acetate, 
soluble in traces in hot water and entirely insoluble in methy! or ethyl 
alcohol, glacial or 50 per cent acetic acid, or N-hydrochloric acid. The 
diarsonic acid does not have a sharp melting or decomposition point, 
but when heated it turns violet at about 270°. Its disodium salt is 
violet while the tetra(?)sodium salt is orange.1!*! 


5,5'-Dihydroxy-2,2’-stilbenediarsonic acid, 
107 As(OH)C,H.,CH = HC .C.H,(O)AsO;H,. 


is obtained from the corresponding diamino compound by diazotizing 
and replacing the diazo groups with hydroxyls in the usual manner.**! 


4-Acetoryphenylarsonic acid, (CH,CO.O)C,H,AsO;H., is produced 
by acetylating the corresponding hydroxy acid with acetic anhydride 
in the presence of a small quantity of concentrated sulfuric acid. It 
crystallizes from acetone in clusters of fine needles which do not melt 
below 250°, are readily soluble in cold water but sparingly in coid 
alcohol or acetone. 

The monosodium salt crystallizes from water with 3H.O as clusters 
of fine silky needles readily soluble in water with a neutral reaction 


and sparingly in alcohol.11** 
CH; 


4-Acetoxy-3-methylphenylarsonic acid, H,O,AsC.H, s8 


» 
©. COCH;, 
obtained from the corresponding hydroxy acid as in the preceding 
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homologue, and separates in clusters of fine needles, m. p. 164-6°; spar- 
ingly soluble in cold water or acetone and readily in alcohol. 

The monosodium salt crystallizes with four molecules of water in 
radial clusters of silky needles readily soluble in water with a neutral 
reaction and sparingly in alcohol.1"*? 


(Phenyl-4-arsonic acid)hydroxyacetic acid [Phenoxyacetic acid-p- 
arsonic acid; Phenylglycol-p-arsonic acid], HO,AsC,H,(O.CH,COOH). 
—From concentrated aqueous sodium 4-hydroxyphenylarsonate by reflux- 
ing for several hours with two moles of chloroacetic acid and 3.5 to 4 
moles of caustic soda. It crystallizes from water or glacial acetic acid 
as spear-shaped crystals or platelets soluble in methyl or ethyl alcohol 
but almost insoluble in ether or benzene. It sinters above 150°, car- 
bonizes at higher temperatures, and forms easily soluble salts with alkali 
hydroxides or carbonates.1*8 


(Phenyl-4-arsonic acid) hydroxyacetic methyl ester, 
H,0,As.C,H.(0.CH,.COOCH,), 


formed when the preceding acid is refluxed for two hours with a mixture 
of dry methyl alcohol and a little concentrated sulfuric acid, crystallizes 
in lustrous plates which partially melt with gas evolution at about 
192-5°, decompose at higher temperature, and dissolve readily in methy] 
alcohol, hot ethyl alcohol or water but sparingly in cold alcohol or 
water.1154 


(Phenyl-4-arsonic acid) hydroxyacetamide, 
HO, AsO... (OsCH,CONH.). 


is prepared by the action of ammonia on the preceding compound, and 
crystallizes as microscopic rhombic prisms, which do not melt below 
280°, are sparingly soluble in cold water or hot alcohol but easily in 
boiling water. Its sodium salt separates slowly when the acid is dis- 
solved in aqueous caustic soda, carefully neutralized with acetic acid, 
concentrated in vacuo to a small volume and finally treated with alcohol. 
It exists as glistening platelets easily soluble in water.!?5* 


(Phenyl-4-arsonic acid) hydroxyacetanilide, 
H,0,AsC.H,(OCH.CONHC,H,), 


results on boiling sodium 4-hydroxyphenylarsonate, chloroacetanilide 
and sodium iodide with a mixture of N-sodium hydroxide and alcohol 
for three hours. It forms glistening platelets sparingly soluble in cold, 
appreciably in hot water, alcohol or acetic acid and quite soluble in 
methyl alcohol. It does not melt below 280°.1155 
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(Phenyl-4-arsonic acid) hydroxyacetyl-3’ -aminophenol, 
H,0;AsCgH, (OCH,CONHC,H,OH), 


is produced by boiling sodium 4-hydroxyphenylarsonate together with 
m-chloroacetylaminophenol, and purifying through its sodium salt. The 
free acid is a heavy sandy, powder consisting of aggregates of irregular, 
microscopic leaflets which are slightly colored pink by impurities. They 
are sparingly soluble in boiling water or boiling acetic acid, more readily 
so in hot 50 per cent alcohol, and melt with decomposition at 238-40° .11°° 


(Phenyl-4-arsonic acid) hydroxyacetyl-4’-aminophenol is similarly 
obtained by employing p-chloroacetylaminophenol, and separates as 
colorless, microscopic crystals which upon heating gradually darken and 
decompose at 238-40°. It is very difficultly soluble in boiling water, 
methyl or ethyl alcohol but more easily in hot 50 per cent alcohol. 
On adding a few drops of sodium nitrite solution to a suspension of 
the acid in hot acetic acid, a clear, orange solution is obtained which 
deposits spherules of yellow crystals, probably a nitroso compound, on 
cooling.11°° 


(Phenyl-4-arsonic acid) hydroxyacetyl-4’-aminophenylurea, 
H,0,AsC,.H, (OCH,CONHC,HsNHCONH,), 


consists of aggregates of microscopic needles prepared from sodium 
4-hydroxyphenylarsonate and p-chloroacetylaminophenylurea by reflux- 
ing with a sodium iodide-alcohol mixture. It darkens and softens at 
about 230-40°, does not melt completely below 265°, and is practically 
insoluble in boiling water or 50 per cent alcohol.1°%* 


(Phenyl-4-arsonic acid)thioacetic acid {| Phenylthioglycol-p-arsonic 
acid|, H,O,;AsC,H,(S.CH,COOH).—p-Arsanilic acid is diazotized and 
coupled in soda _ solution with potassium xanthogenate, . forming 
C.H;0C.S.SC,H.AsO;H,. This in turn is warmed with an alkaline 
solution of chloroacetic acid, concentrated and acidified. The product 
crystallizes from water as yellowish needles sintering at 170° and melt- 
ing with decomposition at 187°. It is readily soluble in alkali hydroxides 
or carbonates, hot alcohol or glacial acetic acid but practically insoluble 
in ether or benzene.'?*? 


2-Methoxyphenylarsonic acid, CH;,0.C,H,AsO;H:, results upon 
treating pure o-anisidine according to Bart’s method, and crystallizes 
from alcohol as white needles, m. p. 193-4°.1°* 


4-Methoryphenylarsonic acid (p-Anisylarsonic acid) may be pre- 
pared by dissolving 4-methoxyphenylarsinetetrachloride in water ;**’ by 
oxidizing a glacial acetic acid solution of 4-methoxyphenyldichloroarsine 
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with hydrogen peroxide; *’? by methylating an alkaline solution of 
sodium 4-hydroxyphenylarsonate with dimethyl sulfate; 1°? and finally 
by treating 4-methoxyaniline according to Mouneyrat’s modification of 
Bart’s method.*® The product forms hard, colorless, crystalline crusts 
(M. & W.) or white compact crystals (M.) readily soluble in alcohol 
or hot water, sparingly in cold water, and melting at 159-60° (M. & W.), 
203° (M.), 179-80° (B.). On heating the arsonic acid for several hours 
at 190-200° it loses one molecule of water forming an anhydride, 
CH,0.C,H,AsO., the acid being regained by boiling the anhydride with 
water. When silver nitrate is added to a solution of the ammonium 
salt, a white precipitate of the disilver salt is obtained, while heating 
with aqueous phosphorous acid in a sealed tube at 100° produces 4,4’- 
dimethoxyarsenobenzene. 


CH, 
Pan “a 
4-Methoxy-3-methylphenylarsonic acid, H.O,AsC.Hs , results 


OCH, 
on methylating.an alkaline solution of monosodium 4-hydroxy-3-methyl- 
phenylarsonate with dimethyl sulfate as in the preceding compound. 
It crystallizes from water in white, feathery needles which do not melt 
below 260°.11°8 


4-Ethoxyphenylarsonic acid, C.H;O0.C,H,AsO,H., is obtained by 
treating 4-ethoxyphenyldichloroarsine with chlorine in the presence of 
warm water; °? from p-ethoxyaniline by Mouneyrat’s modification of 
Bart’s process; *® and finally by diazotizing a dry aleohol-hydrochloric 
acid solution of p-arsanilie acid with ethylnitrite and warming until 
the evolution of nitrogen is complete.'"? The product crystallizes from 
water as white prisms melting according to Michaelis at 209-10°, 
although Bertheim found that on rapid heating it melted at 185° with 
foaming; then resolidified and did not melt again below 245°. Its 
calcium, copper and silver salts are insoluble in water. 

OH 

4-Methoxy-8-hydroxyphenylarsonic acid, H,0,AsC,H, as 
OCH; 
produced from 5-nitroguaiacol by first reducing with tin and hydro- 
chlorie acid, diazotizing the resulting solution with sodium nitrite and 
then coupling with arsenious acid in alkaline solution. The product 
erystallizes from water with one molecule of the solvent as short, 
flattened prisms, m. p. 189°; sparingly soluble in alcohol or the other usual 
organic solvents. The ammoniacal solution yields a precipitate with 
calcium chloride, while warming with hypophosphorous acid reduces it 
to the corresponding arseno compound.*?# 
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2-Methoxy-4-hydroxyphenylarsonic acid is made by heating the 
monomethyl ether of resorcinol with arsenic acid on a water bath for 
50 hours. It crystallizes as colorless crystals, m. p. 209°; readily soluble 
in water, glacial acetic acid, methyl or ethyl alcohol, sparingly in 
acetone and insoluble in ether,1"® 


3-Methoxy-4-hydroxyphenylarsonic acid is prepared from 4-nitro- 
guaiacol like the 4-methoxy-3-hydroxy isomer, and crystallizes with 
one molecule of water as glistening, rhombic prisms which, after drying 
at 110°, melt at 190°. It is sparingly soluble in cold alcohol or water, 
but readily so in acetic acid or hot water. The ammoniacal solution of 
the acid yields a crystalline precipitate of the calcium salt with calcium 
chloride, while warming with dilute hypophosphorous acid yields the 
corresponding arseno compound.°”° 


OCH, 
4-Acetoxry-3-methoxyphenylarsonic acid, H,O,AsC.H, ; 
OF COCH, 


separates from ethyl acetate containing a little alcohol as colorless, 
glistening plates melting at 186°, easily soluble in water or alcohol but 
sparingly in ether or ethyl acetate.°® 


3-Acetoxy-4-methoxyphenylarsonic acid crystallizes from benzene 
containing a little alcohol in woolly needles gradually decomposing above 
200°, readily soluble in water, alcohol or ethyl acetate but very spar- 
ingly so in benzene or light petroleum.*** 


OCH; 
Benzoylguaiacolarsonic acid, H,O,AsC,H, , 1s obtained 


O>0CC,H, 
by oxidizing the corresponding arsineoxide with hydrogen peroxide. It 
erystallizes from acetone as odorless needles decomposing at higher 
temperatures without melting, insoluble in ether but soluble in acetone 
or soda solution.**® 


2,4-Dimethoxryphenylarsonic acid, H,0,AsC.>H;(OCHs)., is made 
either by heating resorcinoldimethyl ether with arsenic acid on a water 
bath for eight days,’ or by treating an alkaline solution of 2,4-dihy- 
droxyphenylarsonic acid with dimethyl sulfate at 30-50°.1%°" The acid 
consists of lustrous needles, m. p. 242-3°; readily soluble in water, methyl 
or ethyl alcohol and in glacial acetic acid but very sparingly in ether. 


3,4-Dimethoxyphenylarsonic acid is formed from aminoveratrole by 
Bart’s method, and consists of colorless, rhombic prisms very sparingly 
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soluble in acetone but readily so in alcohol or hot water. When placed 
in a bath at 170° it finally melts at 192°, but when slowly heated it 
sinters and remains unmelted between 180 and 190° due to the readiness 
with which anhydride formation takes place. Its ammoniacal solution 
yields a precipitate of small needles on boiling with calcium chloride, 
and an amorphous precipitate with magnesia mixture. Warm dilute 
hypophosphorous acid reduces it to the corresponding arseno compound, 
while with hydrobromic acid at 100° or with hydrochloric acid at 130-60° 
partial decomposition results.°** 


15. Halogenated Hydroxy Aryl Arsonic Acids.—3-Chloro-4-hy droxy- 
Cl 


phenylarsonic acid, H,O,;AsC,.H; , is made by diazotizing 3-amino- 


OH 
4-hydroxyphenylarsonic acid, and boiling the diazo compound with a 
hydrochloric acid solution of cupric chloride until the evolution of 
nitrogen has ceased. The whole is then treated with hot alkah, acidified 
and concentrated.11° 
Cl, 


VA 
8,5-Dichloro-4-hydroxyphenylarsonic acid, H,O;AsC,H, y a8 


OH 
formed along with some trichlorophenol upon treating sodium 4-hydroxy- 
phenylarsonate with sodium hypochlorite and subsequently acidifying 
with hydrochloric acid. The admixture of trichlorophenol is removed 
with ether. The above arsonic acid forms prisms which do not melt 
below 260°, are readily soluble in acetone, methyl or ethyl alcohol, 
sparingly in water and insoluble in ether or chloroform.1!® 


3,6-Dibromo-4-hydroxyphenylarsonic acid is similarly prepared em- 
ploying sodium hypobromite.!1°8 


3,5-Diiodo-4-hydroxyphenylarsonic acid may be obtained by allow- 
ing p-hydroxyphenylarsonic acid to react with potassium iodide, potas- 
sium iodate and sulfuric acid at water-bath temperature. It is a 
crystalline substance readily soluble in methyl alcohol but slightly so 
in ethyl alcohol, acetone or acetic acid. It does not melt below 260°, 
and decomposes at higher temperature with liberation of iodine.1!%* 


16. Nitro Hydroxyaryl Arsonic Acids—Unlike the aminoarsonic 
acids, the corresponding hydroxy acids may be readily nitrated in the 
usual manner, yielding mono- or dinitro hydroxy arsonie acids, depend- 
ing upon the quantity of nitrating acid used and the temperature. The 
mononitro derivatives may also be prepared from nitroaminophenol 
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by Bart’s method; from either nitroaminoarsonic acids containing the 
nitro and amino groups in ortho position to each other, or nitrodimethyl- 
amino acids by warming with concentrated caustic alkalis; or by 
hydrolyzing nitromethoxyarsonic acids with aqueous soda. 

The products are yellowish crystalline solids soluble in alkalis, glacial 
acetic acid, acetone, methyl or ethyl alcohol or hot water, sparingly in 
cold water or mineral acids and insoluble in ether, benzene or ethyl 
acetate. In many cases they yield brominated phenols on treatment 
with bromine, the arsenic being entirely split off. With mild reducing 
agents, such as sodium amalgam in methyl alcoholic solution or sodium 
hydrosulfite at 0°, they yield aminohydroxyarsonic acids; with stronger 
reagents, e. g., hypophosphorous acid or stannous chloride-hydrochloric 
acid at low temperature, dinitrodihydroxyarseno compounds are ob- 
tained, while upon more intense reduction, as with sodium hydrosulfite 
at 50-60°, the products are diaminodihydroxyarseno derivatives. 

The O-substituted derivatives may be obtained either like the unsub- 
stituted compounds or from the latter by the methods usually employed 
in the preparation of similar phenolic compounds. 

OH 


va 
4-Nitro-2-hydroxyphenylarsonic acid, H.O,AsCgHs , is made by 


NO, 
Bart’s method from 3-nitro-6-aminophenol, and isolated through its 
magnesium salt. It separates from hot water as crystals decomposing 
at 250°, and readily soluble in water, glacial acetic acid, acetone, methyl 
or ethyl alcohol. The nitro group may be reduced with iron filings 
and dilute acetic acid.11* 


§-Nitro-2-hydroxyphenylarsonic acid is prepared from 1-amino-2- 
hydroxy-5-nitrobenzene by Bart’s reaction; ** or by warming 4-nitro- 
anilinearsonic acid with concentrated caustic potash solution at 90-5°, 
and isolating the acid through its potassium salt *'*® in the form of 
amber-colored crystals readily soluble in ammonia, caustic alkalis, 
sodium carbonate or acetate, acetone, acetic acid, hot water, methyl or 
ethyl alcohol, sparingly soluble in the latter three solvents when cold 
and insoluble in ether. It melts with decomposition at 247-8°, and may 
be reduced by means of sodium hydrosulfite to the corresponding diamino 
arseno compound. 


2-Nitro-3-hydroxyphenylarsonic acid is obtained by heating 2-nitro- 
3-aminophenylarsonic acid with concentrated potasstum hydroxide solu- 
tion. It may be reduced to the arseno compound as above.™* 


3-Nitro-4-hydroxyphenylarsonic acid is of considerable practical im- 
portance, as it is the final intermediate product in the preparation of 
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arsphenamine base. It may be produced in a variety of ways—144 g. 
of dry monosodium-4-hydroxyphenylarsonate is dissolved in 450 c.c. of 
concentrated sulfuric acid at low temperature and treated with a mixture 
of 39 c.c. of nitric acid (d, 1.4) and 39 c.c. of concentrated sulfuric acid 
at 0°. After allowing to stand for several hours at 10°, and subse- 
quently pouring into 2250 c.c. of cold water, the whole is again allowed 
to stand for 24-48 hours, whereupon the product separates out. This 
is filtered, washed free of sulfuric acid with a saturated sodium chloride 
solution, and the latter removed with water.11° 

By another method 3-nitro-4-aminophenylarsonic acid is warmed 
with concentrated caustic potash at 80° until it can no longer be diazo- 
tized. The solution is then diluted with water, enough hydrochloric 
acid added so that it does not react alkaline to turmeric and finally 
filtered. On acidifying the solution with an excess of hydrochloric acid 
and allowing to stand for 24 hours, the nitro acid separates out.’?® 

A third method consists in heating a solution of 500 g. of 3-nitro- 
4-dimethylaminophenylarsonic acid in aqueous caustic potash (500 g. 
of potash in 1500 c.c. of water) at 80-90° until. the mixture becomes 
almost solid. Two liters of ice water followed by concentrated hydro- 
chloric acid are then added, the resulting precipitate dissolved in hot 
water, filtered, and the liquid treated with sodium acetate and animal 
charcoal. The final product separates on acidifying the filtrate with 
hydrochloric acid.1‘®’ <A similar procedure for obtaining the compound, 
using caustic soda instead of potash, has also been described.**# 

According to a fourth method, a solution of 3-nitro-4-methoxyphenyl- 
arsonic acid in 15 per cent aqueous soda is heated on a water-bath, and 
subsequently treated with hydrochloric acid. 

Finally, the desired arsonic acid is formed upon treating o-nitro- 
p-aminophenol either according to Bart’s original method ** or Mouney- 
rat’s modification thereof.®® 

When recrystallized from water the acid separates either in tufts 
of almost colorless needles, or yellow, rhombohedral plates which 
deflagrate on heating, are readily soluble in methyl or ethyl alcohol, 
glacial or 50 per cent acetic acid, acetone or alkali, sparingly soluble 
in cold water, less soluble in dilute mineral acids and insoluble in ether 
or ethyl acetate. It is moderately soluble in hot water with a yellow 
color which almost entirely disappears upon the addition of mineral 
acids. With sodium amalgam in methyl aleoholic medium or sodium 
hydrosulfite at O°, it yields 3-amino-4-hydroxyphenylarsonie acid; with 
hypophosphorous acid in aqueous medium or with stannous chloride- 
hydrochloric acid in methyl aleohole solution at low temperature there 
is formed 3,3’-dinitro-4-,4’-dihydroxyarsenobenzene, while with sodium 
hydrosulfite at 55-60°, 3,3’-diamino-4,4’-dihydroxyarsenobenzene is 
obtained. 

The acid forms three series of salts with alkalis—a mono-, di- and 
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trimetallic salt, depending on whether one, two or three molecular pro- 
portions of alkali are employed. They are all precipitated from solu- 
tion by alcohol. The aqueous solution of the pale yellow monosodium 
salt has an acid reaction, and yields the corresponding sesquisulfide with 
hydrogen sulfide, but an unidentified brown product with sodium sulfide 
in alkaline solution.‘ The disodium salt is orange and has a neutral 
reaction, while the trisodium salt exists in two forms, colored orange and 
beautiful red respectively, the latter probably possessing a quinoid aci 
formula.*** Both varieties may be easily converted one into the other— 
the red into the orange modification by simply heating in the dry state, 
and the orange into the red compound by warming with alcohol in the 
presence of an excess of alkalis. The aqueous solutions of both varieties 
react alkaline to htmus and neutral to phenolphthalein. 


CH; 
8-Nitro-4-hydroxy-2-methylphenylarsonic acid, H.O,AsC,H, — OH , 
NO, 


results on nitrating 4-hydroxy-2-methylphenylarsonie acid with one 
molecular proportion of nitric acid. When warmed with concentrated 
aqueous sodium hydroxide no stilbene compound is formed.'*4 


5-Nitro-4-hydroxy-3-methylphenylarsonic acid is prepared by nitrat- 
ing o-cresolarsonic acid;'** or by warming either 3-nitro-4-amino-5- 
methylphenylarsonic acid *!** **° or 3-nitro-4-chloro-5-methylpheny lar- 
sonic acid °°? with concentrated alkah. When crystallized rapidly from 
boiling water it forms clusters of slender, yellow needles, but on erystal- 
lizing slowly from 50 per cent acetic acid, there are obtained well-defined 
rhombic prisms. Both varieties decompose at 310° with explosive vio- 
lence. 


3-Nitro-4-hydroxyanthraquinonearsonic acid, 
CO OH 
ie We a aN 
Cole C,H—NO, , 
a ee ik 
CO AsO,;H, 
is obtained by dissolving 4-hydroxyanthraquinonearsonic acid in sulfuric 
acid monohydrate and nitrating with a nitric-sulfuric acid mixture at 0-5°. 
It crystallizes from boiling glacial acetic acid as yellow needles decompos- 
ing indefinitely at about 230°, and turning red in contact with even traces 
' of alkalis. The compound is almost insoluble in water, methyl or ethyl 
alcohol, slightly soluble in boiling glacial acetic acid, dissolves in con- 
centrated sulfuric acid to a yellow solution, and forms a red solution 
with dilute aqueous alkali, sodium carbonate or acetate. When sodium 


390 ORGANIC ARSENICAL COMPOUNDS 


amalgam is added to the red alkaline solution it gradually turns violet; 
on acidulating this solution brownish-violet flakes are precipitated.1*** 


(NO2)> 
3,5-Dinitro-2-hydroxyphenylarsonic acid, H,O,;AsC.H. , is 


OH 
made by nitrating 5-nitro-2-hydroxyphenylarsonic acid at 0-5°, and 
crystallizes from hot water in pale yellow needles, m. p. 237°. Its 
alkaline solution has a deeper yellow color than the mononitro com- 
pound, from which it is distinguished by the deep red coloration pro- 
duced by a very small amount of sodium hydrosulfite added to its 
alkaline solution.*** 


3,6-Dinitro-4-hydroxyphenylarsonic acid results either upon nitrating 
4-hydroxyphenylarsonic acid with an excess of nitric acid (d, 1.52) at 
15-20° 1*7? or upon heating 3,5-dinitro-4-aminophenylarsonic acid with 
10 per cent caustic potash solution.1‘*> It forms yellow, rhombohedral 
plates which deflagrate on heating and are readily soluble in hot water 
or methyl alcohol. Its aqueous solution has a deeper color than that of 
the 3-nitrohydroxy acid, and it may be detected in the presence of the 
latter by the deep red coloration produced upon adding a small amount 
of sodium hydrosulfite to an alkaline solution of the mixture. The yel- 
low color it imparts to wool is more intense than that imparted by the 
preceding isomer. Heating with 40-50 per cent caustic potash at 90-100° 
decomposes it with the evolution of ammonia. 

its sodium salt forms yellow needles; the potassium salt consists of 
orange-red crystals. 


8,5-Dinitro-4-hydroxy-2-methylphenylarsonic acid, 


(NO2)» 
UV 
H,0,AsC,.H — OH 


obtained by nitrating 4-hydroxy-2-methylphenylarsonic acid with 2 
moles of nitric acid in concentrated sulfuric acid medium, crystallizes 
from water as hydrous yellow needles which turn white on dehydration. 
When warmed with concentrated aqueous caustic soda it yields a stil- 
bene dye.°* 

yee 


5 - Nitro - 2,4 - dihydroxyphenylarsonic acid, H,O,AsC.H, 
NO, 
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which results upon nitrating the corresponding dihydroxyarsonic acid 
below 0°, crystallizes from water in the form of pale yellow needles 
containing 2H,O. The anhydrous compound is colorless, melts at 223° 
with decomposition, is readily soluble in alcohol, glacial acetic acid or 
hot water, sparingly soluble in cold water and insoluble in ether or 
benzene. With ferric chloride solution it yields a red coloration. With 
bromine in glacial acetic acid the arsenic is split off, 2,6-dibromo-4- 
nitroresorcinol being formed.1**® 


(NO2)2 


VA 
3,5-Dinitro-2,4-dihydroxyphenylarsonc acid, H,O,AsCgH 


(OH). 
results on nitrating resorcinolarsonic acid at 60°. It separates from 
water as yellow crystals melting with decomposition at 206°, soluble 
in water, alcohol or acetone, but less so in glacial acetic acid. It gives 
a deep orange color with ferric chloride, while with bromine in alcoholic 
solution, 2,4-dinitro-6-bromoresorcinol results.11"® 


3,7-Dinitro-4,8-dihydroxyanthraquinone-1,5-diarsonic acid, 


OH ASO;H 


is formed upon treating 4,8-dihydroxyanthraquinonediarsonic acid with 
a nitrating mixture at 16-20°, warming at 25-30° for four hours, then 
raising the temperature to 80°, and finally precipitating in water. It is 
a greenish-yellow, microcrystalline powder which is soluble in con- 
centrated sulfuric acid, N-caustic soda or 2N-sodium carbonate, dif- 
ficultly so in water, methyl or ethyl alcohol and insoluble in N-hydro- 
chloric or glacial acetic acid. Sodium amalgam changes the yellowish- 
red color of its alkaline solution to violet, the diamino compound 
being formed, while with sodium hydrosulfite the same alkaline solution 
yields a red vat-dye which on exposure to air becomes bright blue. 
On the other hand, when a hot solution of the acid in sodium acetate 
is treated with sodium hydrosulfite there is obtained a brownish-violet 
precipitate which dissolves in caustic alkalis with a blue color. 

The disodium salt is a violet powder soluble in water or 50 per cent 
acetic acid but insoluble in methyl or ethyl alcohol. With N-caustic 
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soda it forms a yellowish-red solution from which alcohol precipitates 
a beautiful bluish-red salt.1°"" 


5,6’-Dinitro-4,4’-dihydroxy-2,2’-stilbenediarsomic acid, 
H.O,As AsO,H. 


> a 
ON = CH, Co HC. C,H, NOw es 


/ 
HO OH 


results upon warming 4,4’-dichloro-5,5’-dinitro-2,2’-stilbenediarsonic 
acid with sodium hydroxide and sodium hypochlorite solutions on a 
water-bath for several hours.**° 


NO, 
4-Nitro-2-methoryphenylarsonic acid, H,O0,;AsCeH, , prepared 
OCH, 


from 4-nitro-o-anisidine by Bart’s method, crystallizes from 90 per cent 
alcohol in pale yellow needles which do not melt below 250°.15 


38-Nitro-4-methoxyphenylarsonic acid may be produced by nitrating 
4-methoxyphenylarsonic acid at — 8° to 0° and precipitating the product 
with ice;1%6 78 by methylatng  3-nitro-4-hydroxyphenylarsonic 
acid; 1'7° or by treating 4-methoxy-m-nitroaniline according to Mouney- 
rat’s modification of Bart’s method.*® It forms yellowish-white crystals 
sparingly soluble in cold water, though more so on heating, slightly 
soluble in methyl alcohol, and dissolving in alkalis to form yellowish 
salts. The acid begins to decompose above 290°. 
NO, 
8-Nitro-4-ethoxyphenylarsonic acid, H,O,AsCeH, , can be 
OC.H; 
made by either nitrating 4-ethoxyphenylarsonic acid,“*® or from 
4-ethoxy-m-nitroaniline by Mouneyrat’s modification of Bart’s method.®® 


3-Nitro-4-methoxy-5-methylphenylarsonic acid, 
NO, 
ri 
HO; As@,us — OCH. 
~ 
CH, 
Pale yellow needles obtained by nitrating 4-methoxy-5-methylphenyl- 


arsonic acid, allowing the temperature to rise to 15° and precipitating 
in water,**% 
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(3-Nitrophenyl-4-arsonic acid) hydroxyacetic acid, 
(H,0;As) (O.N) C,H,OCH,COOH, 
is made by nitrating the corresponding arsonic acid in the usual way, 


allowing the temperature to rise to 20° and precipitating in water. It 


forms coarse yellow prisms very soluble in hot water but quite difficultly 
Sona cold. ** 


p-Toluenesulfonic acid ester of 3-nitro-4-hydroxyphenylarsonic acid, 
CH; .C,H,SO,.0.C,H;(NO,) AsO;H., is prepared by dissolving 3-nitro- 
4-hydroxyphenylarsonic acid in dilute sodium carbonate solution, digest- 
ing with p-toluenesulfonic chloride at 70°, and precipitating in ice 
cold dilute hydrochloric acid. It consists of bright, lustrous leaflets, 
m. p. 171°; readily soluble in caustic alkalis, aqueous sodium bicar- 
bonate, methyl or ethyl alcohol, warm acetone or glacial acetic acid, 
sparingly so in ethyl acetate and practically insoluble in water. It can 
be readily diazotized.1!* 


5-Nitro-4-acetoxy-3-methylphenylarsonic acid, 
NO, 


Ba 
H.0,AsC,H, — CH, 


O.COCH; 


is obtained by acetylating the corresponding hydroxyarsonic acid with 
acetic anhydride in the presence of a trace of pyridine. It exists as 
colorless, spherical, anhydrous nodules fairly readily soluble in methyl 
or ethyl alcohol or boiling water, but only sparingly in cold water or 
ethyl acetate.11® 


§-Nitro-4-methoxry-3-hydroxyphenylarsome acid, 
NO, 


A 
H,O,AsC,H. baie OH ) 
OCH, 


formed upon nitrating the corresponding arsonic acid, crystallizes from 
water, in which it is sparingly soluble, in stellate clusters of prismatic 
needles melting at 252° with preliminary darkening. Reduction with 
warm hypophosphorous acid yields the corresponding arseno compound, 
but with sodium hydrosulfite there is formed a brick red ‘substance which 
contains two atoms of arsenic attached to each benzene nucleus, and 
whose exact structure has not been definitely ascertained.®** 


5-Nitro-2-methoxy-4-hydroxyphenylarsonic acid is formed on nitrat- 
ing 2-methoxy-4-hydroxyphenylarsonic acid with nitric-glacial acetic 
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acids in glacial acetic acid medium. It forms pale yellow scales sparingly 
soluble in water, methyl or ethyl alcohol or glacial acetic acid.®** 


5-Nitro-3-methory-4-hydroryphenylarsonic acid is made by nitrating 
the 3-methoxy-4-hydroxy compound in the usual way, and neutralizing 
the bulk of the mineral acid with anhydrous soda. It crystallizes from 
hot water as glistening leaflets which decompose gradually above 260° 
without melting. Warming with dilute hypophosphorous acid produces 
the corresponding nitroarseno compound, but hydrosulfite in alkaline 
solution reduces the nitro group as well.®%. 


(OCHs). 
5-Nitro-2,4-dimethoxryphenylarsonic acid, H,0,AsC.H. 
NO, 


—Feathery needles with a slight tinge of greenish yellow, which are pro- 
duced by nitrating the dimethoxyarsonic acid.1'®° 


5-Nitro-3,4-dimethoxyphenylarsonic acid is prepared by nitrating the 
corresponding dimethoxy acid at low temperature, and may be crystal- 
lized from boiling water in clusters of minute needles melting with de- 
composition at 236°. On heating with concentrated hydrochloric acid 
at 130°, hydrolysis of the methoxy groups occurs, whereas boiling with 
the same reagent at 160° decomposes the compound. 

The monosodium salt crystallizes with 6H.O as glistening, flattened 
prisms which lose their luster when dried in air, while the acid barium 
salt crystallizes with only three molecules of water in the form of faintly 
yellow needles.** 


Cl 
| lees & 
§-Chloro-3-mtro-4-hydroxyphenylarsonic acid, H.,O,;AsC,H, —NOsz, 


OH 
is produced by nitrating 5-chloro-4-hydroxyphenylarsoniec acid at 0°. 
On reduction with sodium hydrosulfite it yields the corresponding 
arseno compound.1!*% 


§-lodo-8-nitro-4-hydroxyphenylarsonic acid is obtained by adding an 
aqueous solution of iodine and potassium iodide in small portions to an 
aqueous suspension of 5-acetoxymercuri-3-nitro-4-hydroxyphenylarsonic 
acid contained in a glass-stoppered bottle, which is vigorously shaken 
after each addition until the color of the iodine is completely discharged. 
The mixture is then filtered and precipitated with dilute sulfuric acid. 
The product is a very hygroscopic, hght yellow powder insoluble in 
water, alcohol or ether but soluble in acetone, dilute sodium hydroxide 
or carbonate solution.'!** 
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17. Amino Hydroxy Aryl Arsonic Acids—The members of this group 
are obtained: 

1. By reducing the corresponding nitro acids with nascent hydrogen 
(from sodium amalgam and methyl alcohol, iron filings and dilute 
acetic acid, sodium hydrosulfite at 0°, or by electrolysis). 

2. From nitroaminoarsonic acids, in which the NO, and NH, groups 
are in ortho position to each other, by diazotizing with sodium nitrite, 
replacing the NO, by an OH with sodium acetate, coupling with an 
azo component like B-naphthol, and reducing the resulting dye with 
either sodium hydrosulfite or aluminium powder: 


NO, NO, 
ie Be 
H,O,AsC,.H; ——> H,0O,AsC,H, ——> 
as 
NH, N=NX 
OH OH 
es a 
H,O.,AsC He, —— H,O,AsC,H, ——- 
Ay a 
INS NX N_N..C,,4,0H 
OH OH 


a a 
H,O;AsC,H; + CioHe 


NH, NH, 


3. Upon oxidizing diaminodihydroxyarsenobenzenes with hydrogen 
peroxide or iodine in alkaline solution: 


H,N NH, AsO;H, 
Y Ae 
RAs = AsR + 20, + 2H,0 —~> 2R— NH, 
ee » S 
HO OH OH 
4. By similarly oxidizing the corresponding arsineoxides: 
HN AsO,H, 
i 
RAsO + 0+ H.O —~> R—NH, 
\ 
HO OH 


The amino hydroxy arsonic acids are generally crystalline solids 
soluble in excess of dilute alkalis or mineral acids, more or less soluble 
in water, methyl or ethyl alcohol and generally insoluble in the other 
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organic solvents. They may be reduced to the arsineoxides by sulfur 
dioxide in the presence of a slight amount of hydriodic acid as a catalyst, 
while stronger reducing agents, like sodium hydrosulfite, reduce them 
to the corresponding diamino dihydroxy arsenobenzenes. The alkaline 
solutions of 38-amino-4-hydroxy- and 3,5-diamino-4-hydroxyphenyl- 
arsonic acids darken on exposure to air, and also reduce ammoniacal 
silver solution. 

The N-substituted derivatives may be prepared from the amino acids 
by the methods usually employed with ordinary amines; by reducing 
the corresponding nitro acids; from the corresponding substituted amino- 
phenols by the Béchamp reaction; or by applying Bart’s reaction or 
Mouneyrat’s modification of same to N-monosubstituted diaminophenols. 
They are generally crystalline compounds soluble in alkalis. Mineral 
acids dissolve all of the alkylated, and some of the acylated derivatives. 

The O-substituted derivatives, prepared by reducing the correspond- 
ing nitro acids, are crystalline, water-soluble products which behave 
like arsonic acids, amines and substituted phenols. 

Although the free amino hydroxy arsonic acids themselves cannot 
be nitrated, their N- or O-substituted derivatives, or those compounds 
containing substituents in both the amino and hydroxyl groups, can be 
readily converted into the corresponding nitro derivatives, which upon 
hydrolysis yield either nitro amino hydroxy- or o-substituted nitro 
amino hydroxy arsonic acids. 


OH 
ate Ae 
4-Amino-2-hydroxyphenylarsonic acid, H,0,AsCsH; , may be 
< 


NH, 
prepared either by reducing the corresponding nitro acid with iron 
filmgs and dilute acetic acid; ?*** or by boiling the corresponding car- 
bethoxy compound with dilute caustic soda solution and precipitating 
with sulfuric acid.°*® The product is readily soluble in water, methyl 
or ethyl alcohol, sparingly in acetone and insoluble in ether or hydro- 
carbons. It melts at 173°, and yields the carbethoxy derivative when 
treated with ethyl chlorocarbonate. 


4-Amino-3-hydroxyphenylarsonic acid is obtained by diazotizing 
3-nitro-4-aminophenylarsonic acid, treating with sodium acetate solu- 
tion, and warming the mixture at 18° until coupling with R-salt no 
longer occurs. The diazo solution is then coupled with alkaline B-naph- 
thol and the resulting azo dye isolated by neutralizing with hydro- 
chloric acid and saturating with sodium chloride. The azo compound 
is now reduced with sodium hydrosulfite in alkaline solution, the pre- 
cipitate of 1-amino-2-naphthol filtered off, and the excess hydrosulfite 
in the filtrate oxidized by a current of air. The liquid is then con- 
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centrated and neutralized with sulfuric acid, whereupon the amino 
hydroxy arsonic acid separates as a fine, crystalline powder. Instead 
of reducing the above azo compound with sodium hydrosulfite, aluminium 
powder may be used in alkaline solution at 40-60°. 

The acid is readily soluble in alkali hydroxides or carbonates, 
ammonia, sodium acetate or an excess of dilute mineral acids, sparingly 
so in cold water or alcohol and insoluble in ether. With sodium hypo- 
chlorite in alkaline solution a green coloration results, but in acid 
solution the coloration is dull red. On reduction with an excess of 
sodium hydrosulfite the corresponding arseno compound is obtained. 

The monosodium salt, (H.N) (HO)C,H,AsO,HNa.5H.O, consists of 
lustrous scales readily soluble in water. On adding silver nitrate to 
its aqueous solution there separates a white, curdy precipitate of the 
silver salt which dissolves in ammonia or nitric acid. Magnesia mix- 
ture in ammoniacal solution produces a precipitate only upon warming.1!*° 


3-Amino-4-hydroxyphenylarsonic acid may be produced in a num- 
ber of ways. A solution of the corresponding nitro hydroxy acid in 
methyl alcohol is treated with sodium amalgam until the evolution of 
hydrogen ceases, and after distilling off the alcohol the residue is taken 
up with water, separated from the metallic mercury and treated with 
an excess of hydrochloric acid. The next day the impurities are re- 
moved by filtration, the liquid boiled with charcoal and rendered neutral 
to congo with caustic soda. The precipitation of the amino derivative 
is then completed by the addition of acetic acid.1*** 

Other methods of reduction consist in subjecting an alkaline solu- 
tion of the 3-nitro-4-hydroxy acid to electrolysis,“ boiling with ferrous 
sulfate,°*7 or treatment with sodium hydrosulfite in the presence of 
magnesium chloride at O°.1187 The same product may also be obtained 
by oxidizing either an alkaline solution of arsphenamine base with 
hydrogen peroxide at low temperature,** or an aqueous solution of 
arsphenamine with iodine solution.*** 

The pure acid exists as practically colorless prisms readily soluble 
in excess of alkalis or mineral acids, sparingly in water, insoluble in 
the usual organic solvents, and decomposing at about 290° with pre- 
liminary darkening and softening. Its alkaline solution becomes dark 
brown on exposure to air; with alkaline hypochlorite solution it yields 
a deep green coloration, while the addition of a drop of potassium bi- 
chromate solution to a dilute mineral acid solution of the amino 
hydroxy acid produces a beautiful red color. Furthermore, the acid 
reduces ammoniacal silver solution, slowly in the cold but more readily 
upon warming, and is itself reduced to the corresponding arsineoxide 
by the action of sulfurous acid in the presence of hydriodic acid. The 
monosodium salt crystallizes with one or two molecules of water, and is 
readily soluble in water. 


’ 
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38-Amino-4-hydroxy-6-methylphenylarsonic acid, 
CH, 
Vi 
H.O,AsC,H, — NHz, 
OH 


is prepared by reducing the corresponding nitro acid with sodium hydro- 
sulfite in alkaline solution. It is soluble in water, and may be salted 
out from aqueous solution by means of sodium chloride.‘?”° 


38-Amino-4-hydroxyanthraquinonearsonic acid, 


(Oe) INO), 18l 
Yo PO ia 
GEHs Gi Nhe 
Nea ~~ 
CO OH 


is made by reducing the corresponding nitro derivative with sodium 
amalgam at 65°, and is purified through its sodium salt. It separates as 
violet, silky crystals melting indefinitely at about 265°, readily soluble 
in ammonia, N-caustic soda, 2N-soda, concentrated sulfuric or hot 5N- 
hydrochloric acid, and in boiling 2N-sodium acetate solution, difficultly 
soluble in glacial acetic acid and insoluble in water, aleohol or N-hydro- 
chloric acid.. On adding alcohol to its alkaline solution there separates 
a blue-violet sodium salt which dissolves in water with a fuchsin red 
color, while with magnesia mixture in ammoniacal solution a red-violet 
precipitate is formed. The acid may be diazotized, and the resulting 
diazo compound coupled with alkaline solutions of R-salt or resorcin, 
yielding violet and blue colorations respectively. On treating the alkaline 
solution of the arsonie acid with sodium hydrosulfite there is formed 
an orange-colored vat-dye which immediately turns violet on filter 
paper."> 

(OH). 

5-Amino-2,4-dthydroxyphenylarsonic acid, oC 
NE 

obtained by reducing the corresponding nitro compound with sodium 
hydrosulfite, forms aggregates of needles containing one molecule of 
water of crystallization. It is soluble in alkalis or mineral acids but 
very sparingly in water, glacial acetic acid, acetone, methyl or ethyl 
alcohol. Its alkaline solution turns blue on exposure to air due to 
the formation of an indophenol dye. The amino acid reduces ammoniacal 
silver nitrate at ordinary temperatures, and can be readily diazotized, 
yielding a blue-red compound when coupled with resorcin.!°? 
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3,5-Diamino-4-hydroxyphenylarsonic acid, H,O,AsC.H, ; 
(OH) 


is formed upon reducing the corresponding dinitro compound with 
sodium hydrosulfite at low temperature. It crystallizes in white needles 
which darken during purification, are decomposed above 170° with- 
out melting, dissolve in alkalis or dilute mineral acids but not in methyl 
or ethyl alcohol, ether, acetone, chloroform or benzene. Its alkaline 
solution darkens on exposure to air.11%8 


8,5-Diamino-2,4-dihydroxyphenylarsonic acid, 
(NH2). 


H,0;AsC,H 


\ 
(OH); 


In this case the reduction of the corresponding dinitro dihydroxy acid 
is effected by means of stannous chloride and hydrochloric acid at 
35-40° 685 


3,7-Diamino-4,8-dihydroxyanthraquinone-1,4-diarsonic acid, 


HO AsO.H, 
iw CO eX 
= ae ES 


wo 


Pee aN we ee 
ee C0 Oe 
H,0,As OH 
is produced by reducing an alkaline solution of the corresponding dinitro 
compound with sodium amalgam at 55°, and purifying through its 
sodium salt. The diarsonic acid is a dark brown to black-violet powder 
with a metallic luster, soluble in concentrated sulfuric acid, ammonia, 
2N-soda or N-sodium hydroxide, almost insoluble in boiling water or 
glacial acetic acid and completely so in methyl or ethyl alcohol. When 
its sulfuric acid solution is strongly diluted with water, and the sus- 
pension of the precipitated red-violet flakes treated with sodium nitrite, 
a wine red diazo solution is obtained which couples green with a solu- 
tion of resorcin in soda. The ammoniacal solution of the acid gives a 
blue-violet precipitate with magnesia mixture, and one of pure blue 
with calcium chloride. With sodium hydrosulfite in alkaline solution 
there is formed an orange-yellow vat-dye, which becomes red-violet 
on exposure to air.11** 


, 


NH, 
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4-Acetylamino-3-hydroxyphenylarsonc acid, 
OH 


Mee 
H.O,AsC,H, ? 
NH.COCH; 


prepared by acetylating the corresponding amino acid, forms colorless 
needles easily soluble in hot methyl alcohol, water, N-hydrochloric 
acid, sodium carbonate or acetate solution but difficultly soluble in 
cold N-hydrochloric acid. It hydrolyzes on boiling.**®° 


8-Acetylamino-4-hydroxyphenylarsonic acid is an almost colorless, 
crystalline substance soluble in dilute alkalis but insoluble in hydro- 
chloric or acetic acid or the usual organic solvents.'** 
3,5-Di(acetylamino) -4-hydroxyphenylarsonic acid, 
OH 


ve 
H,0;AcC.H; ; 


(NH.COCHs). 


is a pale brown, crystalline substance soluble in alkalis but insoluble 
in water, mineral acids or the usual organic solvents. It is prepared by 
acetylating the corresponding diamino acid.*** 


5-Acetylamino-2,4-dihydroxyphenylarsonic acid, 


(OH). 
H.0,AsC,H, 
NH.COCH, 


similarly prepared, is soluble in water or concentrated hydrochloric acid 
but sparingly in the usual -organic solvents.*%** 


4-Carbethoxyamino-2-hydroxyphenylarsonic acid, 


OH 
H,O,AsC,H, 


) 


NH.COOC,H; 


may be obtained either by treating 4-amino-2-hydroxyphenylarsonie 
acid with ethyl chlorocarbonate in alkaline solution,** or by heating 
'3-carbethoxyaminophenol with arsenic acid on the water-bath for a 
week, and isolating the product through the ammonium salt.4°7 The 
acid melts with decomposition at 213°, is readily soluble in methyl 
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or ethyl alcohol, glacial acetic acid, concentrated hydrochloric acid or 
hot water, but sparingly in cold water, acetone, benzene or ether. On 
boiling with concentrated sodium hydroxide solution the carbethoxy 
group is split off. 


3-Carbethoxyamino-4-hydroxyphenylarsonic acid is produced from 
3-amino-4-hydroxyphenylarsonic acid and ethyl chlorocarbonate as in 
the preceding isomer,°*** or from 1-amino-3-carbethoxyamino-4-hydroxy- 
benzene either by Bart’s method,4* or Mouneyrat’s modification.® 
The product may be recrystallized from water, and dissolves in alkalis, 
methyl or ethyl alcohol, but is insoluble in acids, ether or benzene. 


3-Carbamido-4-hydroxyphenylarsonic acid, 
OH 


H,O,AsC,H, 


) 


NH.CONH, 


results upon treating an alkaline solution of 3-amino-4-hydroxyphenyl- 
arsonic acid with potassium cyanate and glacial acetic acid, and allow- 
ing the mixture to stand over night. The product is then precipitated 
by adding hydrochloric acid.**® 


3-Methylamino-4-hydroxyphenylarsonic acid, 
OH 


Ya 
H,O,AsC,H; ’ 


NH.CH, 


separates on treating an alkaline solution of the amino hydroxy acid 
with dimethylsulfate (0.5 mole), and subsequently acidifying with a 
mixture of hydrochloric and acetic acids. It crystallizes from water 
with 4H.O in fan-shaped groups of needles melting with decomposition 
at 263-263.5°, easily soluble in methy] or ethy! alcohol, 50 per cent or hot 
glacial acetic acid, readily in water, alkalis or aqueous mineral acids, 
slightly in acetone and insoluble in ether. Its aqueous solutions must 
be concentrated in vacuo and at low temperature as otherwise de- 
composition occurs.’**® 


4-Dimethylamino-2-hydroryphenylarsonic acid, 
OH 


Te 
H,0,AsC.H; ) 
N(CHs): 
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is obtained from 4-dimethylamino-2-nitrophenylarsonic acid by simply 
heating with 40% sulfuric acid and subsequently rendering almost neu- 
tral with sodium carbonate; by treating the sulfuric acid solution of 
the same nitro compound with either copper powder or urea; or by 
warming its alkaline solution with ferrous sulfate. The product is 
easily soluble in water, dilute alkalis and in very dilute sulfuric or 
acetic acid.1!%° 


3-Dimethylamino-4-hydroxyphenylarsonic acid is prepared by treat- 
ing an alkaline solution of the amino hydroxy compound with two moles 
of dimethylsulfate. It separates from water as compact crystals which 
when dried in a desiccator change to a delicate, faintly colored, crystalline 
powder very easily soluble in methyl alcohol, easily soluble in hot 
water, alcohol, glacial or 50% acetic acid, alkalis or aqueous mineral 
acids, moderately so in cold water, sparingly in acetone and insoluble 
in ether. On rapid heating it softens at about 119° and melts with 
foaming at 119-21°, turning reddish-brown at the same time.??°° 


3-Trimethylammonium-4-hydroxyphenylarsonic acid, 
(OH) 
H,O;AsC.H; 


N(CHs) 3 (OH) 


3-Amino-4-hydroxyphenylarsonic acid (21 g.) is shaken with methyl 
alcohol (210 ¢.c.), 10N-sodium hydroxide (9 ¢.c.) and methyl iodide 
(6 c.c.). After several hours a second addition of the same quantities 
of alkali and methyl iodide is made, and the next day a third. Finally, 
the methyl alcohol is distilled off, and after adding glacial acetic acid 
and alcohol to the residue, the whole is permitted to stand for 24 hours, 
during which time a crystalline precipitate deposits. This consists of a 
mixture of the desired ammonium hydroxide derivative and the quater- 
nary iodide, which are separated by recrystallizing the crude product 
from water, the more soluble iodide remaining in the mother liquor, 
while the pure acid separates out as shining, vitreous prisms melting 
with decomposition at 262-4°. It is easily soluble in glacial or 50% 
acetic acid, aqueous alkalis or mineral acids, moderately soluble in water 
with an acid reaction to litmus, sparingly in methyl! alcohol and still less 
soluble in ethyl alcohol or acetone. When warmed for some time 
at 110-14° the acid loses one molecule of water, forming an inner 
N(CHs)5 


anhydride, H.O,;AsC.Hs atk 
~ 
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4-Amino-2-methoxyphenylarsonic acid, H,0,AsC,H;(NH.) (OCH). 
from the corresponding nitro acid by reduction with ferrous chloride in 
alkaline solution, crystallizes from water in white needles melting with 
decomposition at 203-4°, when heated slowly, and at 208-9° when the 
heating is rapid. It condenses with benzaldehyde and pyruvic acid, 
forming 1-(4’-arsono-3’-methoxypheny]) -2-phenyl-4,5 - diketopyrrol- 
idine.151 


4-Amino-3-methoryphenylarsonic acid (o-Anisidine-4-arsonic acid). 
—The azo dye obtained from 3-nitro-4-aminophenylarsonic acid (as de- 
scribed under the preparation of 4-amino-3-hydroxyphenylarsonic acid) 
is ground together with calcined soda, refluxed with methyl toluene-p- 
sulfonate and methyl alcohol, and the resulting methylated azo deriva- 
tive finally reduced with alkaline hydrosulfite. The desired product 
is obtained as long, colorless, shiny needles easily soluble in alkalis, 
mineral or 50% acetic acid, sodium acetate or hot water. Its diazo- 
derivative is colorless, coupling with R-salt to a blue-red coloration.12°? 


38-Amino-4-methoxyphenylarsonic acid results upon reducing the cor- 
responding nitro derivative with sodium amalgam in methy! alcohol 
medium, separating as clusters of colorless needles melting with de- 
composition at 193°.12°8 


2,4-Diamino-8-methoryphenylarsonic acid, 
. (NH2)2 


H,0,AsC,H, 


~ 


OCH; 


is made by reducing an alkaline solution of 2-nitro-4-amino-3-methoxy- 
phenylarsonic acid with ferrous chloride, and isolating as the white, 
pulverulent magnesium salt which is hardly soluble in water, but very 
easily so in dilute mineral acids. The latter solution becomes intensely 
yellow on the addition of sodium nitrite, and then couples with R-salt 
to a red, and with resorcin to an orange-colored solution. With 4-nitro- 
diazobenzene in acetic acid solution the above arsonic acid yields a 
yellow-red arsenical dye which dissolves in 2N-sodium carbonate with 
an orange-red color (distinction from the succeeding isomer), while 
with diazosulfanilic acid there is also obtained an arsenical dye soluble 
in soda solution.??°* 


4,6-Diamino-3-methoryphenylarsonic acid is similarly prepared from 
6-nitro-4-amino-3-methoxyphenylarsonic acid. It crystallizes in color- 
less, felted needles very easily soluble in alkalis, sodium acetate solu- 
tion, dilute mineral acids and in hot glacial or 50% acetic acid, easily 
soluble in hot but difficultly in cold alcohol. Its diazo solution couples 
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intensely blue-red with R-salt, and orange with resorcin. When treated 
with 4-nitrodiazobenzene in acetic acid or sodium acetate solution, the 
arsonic acid yields a vermilion-colored precipitate which contains no 
arsenic and is insoluble in soda or alkali solution. Diazosulfanilic acid 
also readily replaces the arsonic acid residue at ordinary temperature.?*°° 


5-Amino-2-methoxry-4-hydroxyphenylarsonic acid, 
OCH; 


the 
H,O0,AsC,H, — NH, ’ 


OH 


obtained by reducing the corresponding nitro compound with sodium 
hydrosulfite in alkaline solution, forms aggregates of needles contain- 
ing 2H.O. It is sparingly soluble in water, glacial acetic acid, methyl 
or ethyl alcohol; darkens at 120°, and is completely decomposed at 
higher temperatures without melting. Its yellow diazo compound couples 
red with resorcin. The arsonic acid produces a red-brown solution with 
ammoniacal silver nitrate in the cold, but on warming reduction to 
metallic silver occurs.®® 


Dedalit te ae SE dat hel PERL (OCH) » 
§-Amino-3,4-dimethoryphenylarsonic acid, H,O;AsC.H, : 
a 
NH, 


is prepared by reducing the corresponding nitro derivative with ferrous 
hydroxide in alkaline solution. It forms radiating clusters of needles 
melting with decomposition at 173°, readily soluble in dilute mineral 
acids or hot water but sparingly in cold water or alcohol. The hydro- 
chloric acid solution gives a bright red coloration with a trace of 
potassium bichromate, and a deep red coloration on treating with 
nitrous acid and adding sodium f-naphthoxide. The aqueous solution 
develops a reddish-brown color with ferric chloride, while the ammoniacal 
solution gives a heavy, crystalline precipitate with calcium chloride. 
On reducing the arsonic acid with hypophosphorous acid a black, un- 
identified substance containing 93 per cent of arsenic is obtained.22°% 


4-Acetylamino-8-methoxyphenylarsonic acid, 
OCH, 
te te 
H.O;AsCeH; ’ 


NHOCCH, 


is made by treating an alkaline solution of 4-amino-3-methoxyphenyl- 
arsonic acid with acetic anhydride at 20°. It exists as white, felt-like 
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needles soluble in warm water with an acid reaction and in hot N-hydro- 
chloric acid. The substance carbonizes and decomposes at 285-7° with 
an evolution of gas.12°7 


3-Acetylamino-4-methoxyphenylarsonic acid results upon treating an 
alkaline solution of 3-acetylamino-4-hydroxyphenylarsonic acid with di- 
methyl sulfate at 20-30°.843 


4-Dimethylamino-3-methoxyphenylarsonic acid, 
OCH, 


pew 4 
H,0,AsC,H, ) 


N(CHs), 


is produced by the oxidation of the corresponding arsineoxide with hydro- 
gen peroxide in alkaline solution, and is isolated either through the 
lead salt, or by acidifying with hydrochloric acid, evaporating to dry- 
ness and extracting with absolute alcohol. It crystallizes in leaflets 
decomposing at 160°.17°% 

NO, 


2-Nitro-4-amino-8-hydroxyphenylarsonic acid, H.O0,AsC,H, — NHz, 
OH 


formed upon warming the corresponding acetylamino derivative with 
aqueous caustic potash on a water-bath for one and one-half hours, 
consists of brown-red needles very easily soluble in hot water, difficultly 
so in methyl alcohol, very difficultly in ethyl alcohol, and gradually 
blackening but not melting below 280°. Its intensely yellow diazo 
compound gives a luminous blue-red coloration with an alkaline solu- 
tion of resorcin and a blue-violet color with R-salt. When boiled with 
2N-sulfuric acid the arsonic acid yields 2,6-nitroaminophenol, while on 
reduction with ferrous hydroxide a very easily soluble diamino hydroxy 


acid results.1?°% 
NH, 


5-Sulfo-3-amino-4-hydroryphenylarsonic acid, H,0;AsC.H,—OH , 


SO;,H 
is obtained from the corresponding arsenious acid by oxidation with 
3 per cent hydrogen peroxide at 40°. ‘The compound decomposes at 
258°, and dissolves in four times its weight of boiling water. With 
nitrous acid it gives a deep yellow diazo solution which couples with 
alkaline B-naphthol to form a deep reddish-brown soluble dye. It in- 
stantly reduces ammoniacal silver nitrate, while its ammoniacal solution 
yields precipitates with calcium, magnesium and barium salts. On 
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reduction with sulfur dioxide in the presence of hydriodic acid it is 
converted into the corresponding arsenious acid.**4 


2-Nitro-4-acetylamino-3-hydroxyphenylarsonic acid, 
NO, 


/ 
H,0,AsC,H, — OH ; 
Bx 

NH.COCH; 


is prepared by nitrating the corresponding acetylamino hydroxy arsonic 
acid at 5-10°, and crystallizes from boiling water as hard, lustrous, 
orange-colored needles easily soluble in methyl alcohol or hot water. 
Boiling with 2N-sulfuric acid converts it into 2-nitro-6-aminophenol, 
but with dilute caustic potash only the acetyl group is split off. The 
compound has no definite melting point; it begins to darken above 200°, 
and melts with frothing at 220°.11%° 


2-Nitro-4-amino-38-methoxyphenylarsonic acid (f), and its isomer 
6-mtro-4-amino-38-methoxyphenylarsonic acid (a), 


NO, 
we 
H,0;AsC.H, — OCH,, 
x 
NH, 


are simultaneously formed when the nitration product of 4-acetylamino- 
3-methoxyphenylarsonic acid is hydrolyzed by warming with aqueous 
caustic potash on a water-bath. To separate the isomers the solution 
is cooled to 40°, and treated with just enough sulfuric acid to turn 
congo paper brown, the a-isomer precipitating at once. The {-com- 
pound is obtained by adding more sulfuric acid to the filtrate until the 
solution imparts a blue color to congo paper, and allowing the liquid 
to stand for about 12 hours. 

The a-derivative consists of orange-colored needles soluble in 2N-soda, 
N-caustic soda or sodium acetate solution with an intense orange-yellow 
color (distinction from its isomer). It is also soluble in warm glacial 
or 50 per cent acetic acid, hot N-hydrochloric acid and in 150 volumes 
of boiling water, but is difficultly soluble in methyl or ethyl alcohol, 
cold glacial or 50 per cent acetic acid and in cold N-hydrochloric acid. 
Its intensely lemon-yellow diazo compound couples red-violet with 
R-salt and yellowish-red with resorcin. 

The 6-compound is a bright orange-yellow substance resembling the 
a-isomer, but is much more soluble. It may be recrystallized from 
30-40 volumes of water, and is soluble in N-hydrochloric acid, sodium 
acetate, carbonate or hydroxide solution with a bright yellow color, 
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difficultly soluble in-cold but easily in hot acetic acid, methyl or ethyl 
alcohol. Its orange-colored diazo compound slowly couples with R-salt 
to a blue-violet and with resorcin to a bluish-red coloration. The above 
orange-colored diazo compound is identical with that obtained from 
2-nitro-4-amino-3-hydroxyphenylarsonic acid, and behaves like the 
latter im all reactions, forming the same azo dyes.121° 


2-Nitro-4-acetylamino-3-methoxyphenylarsonic acid (b) and_ its 
isomer 6-nitro-4-acetylamino-3-methoxyphenylarsonic acid (a), 


NO, 
a 
H,0,AsC,H, — OCH, 


) 


NHCOCH, 


are simultaneously obtained on treating a solution of 4-acetylamino-3- 
methoxyphenylarsonic acid in concentrated sulfuric acid with a nitrat- 
ing mixture at 5°. To separate the isomers, the product is recrystal- 
hzed from boiling water, compound (b) remaining in solution. The 
a-isomer forms small, yellow needles soluble in water or methyl alcohol 
but difficultly in ethyl alcohol or cold N-hydrochlorie acid. On warm- 
ing its alkaline solution saponification occurs, while warm N-hydro- 
chlorie acid dissolves it with partial hydrolysis. On boiling with caustic 
potash, no ammonia is given off.1?1° 


18. Carbory Aryl Arsonic Acids.——The arsenic of aromatic organic 
arsenicals is so firmly attached to the nuclear carbon, that any alkyl 
groups present in the nucleus may be oxidized to carboxyls by means of 
potassium permanganate without affecting the C-As linkage. This 
reaction has thus far been found impossible of application with com- 
pounds of the aliphatic series; dimethylarsonic acid, for instance, is 
unaffected by the above reagent, while diethylarsonic acid decomposes 
into arsenic- and acetic acids. The most convenient method of. pre- 
paring carboxy arsonic acids consists in oxidizing the homologues of 
phenylarsonic acid with potassium permanganate in alkaline solu- 
tion, €. g., 

K,0,AsC,H,.CH,; + K,.Mn,0; ——~> 
K,0,AsC,H,. COOK + 2MnO, + KOH + H,0. 


In some cases prolonged heating with concentrated nitric acid in a 
sealed tube gives the same results. If, however, the parent substance 
contains an amino group, the latter must be first protected by acylating 
before oxidizing the alkyl group. 

The carboxylic acid derivatives may also be prepared from amino 
arsonic acids by diazotizing, converting into nitriles and finally hydro- 
lyzing with alkali: 
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AsO,H, AsO;H. AsO3H, AsO;3H, 
Va ee va 
R — >R —>R ——>R : 
AS = 7 =; 
NH, N—N.X CN COOH 


or from amino carboxylic acids by Bart’s reaction. Im one case, a 
carboxy arsonic acid has been obtained from a halogenated carboxylic 
acid by refluxing with potassium arsenite, alcohol and metallic copper. 

The members of this group are crystalline compounds soluble in 
water, glacial acetic acid, methyl or ethyl alcohol. They are reduced 
by hydriodic acid and red phosphorus to the corresponding diiodoarsines, 
which in turn react with sodium carbonate, yielding the corresponding 


As(OH). 
carboxy aryl dihydroxyarsines or arsenious acids, R . The 
COOH 
COO 
above arsonic acids generally form salts of the type R Ca with 
AsO,H 
bivalent elements like calcium, while with univalent elements, e. g., 
COOAg 
silver, compounds corresponding to the formula R are obtained. 
AsO,Ag, 


Esters of the type H.O,;As.R.COOR’ have been prepared from the cor- 
responding arsineoxides by oxidation with hydrogen peroxide in alkaline 
solution. They are all crystalline solids soluble in alkalis or alcohol. 
The methyl ester of 4-carboxyphenylarsonic acid, however, has been 
derived from the trisilver salt by treating with methyl iodide. 

Arsonic acids containing the group —CONHR (where R = a radical 
like CH,COOH), as well as those containing the grouping — COR’ 
(where R’ = an aryl radical) have been obtained by oxidizing the cor- 
responding arsineoxides with hydrogen peroxide in the usual manner. 
Both series of compounds consist of crystalline solids; those of the 
first are soluble in water or alcohol, while those of the second dissolve 
in hot water, alcohol or glacial acetic acid. 


2-Carboxyphenylarsonic acid (o-Benzarsonic acid), 


H,0;,;AsC,H,COOH, 


may be prepared either from 2-aminobenzoic acid by Bart’s method; * 
from 2-methylphenylarsonic acid by heating with nitric acid (d, 1.12) 
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for 12 hours in a sealed tube at 150°; 12 or by refluxing a caustic 
potash solution of 2-bromobenzoic acid with aqueous potassium arsenite, 
alcohol and metallic copper at 90° for about 10-12 hours.22 It crys- 
tallizes from water in fine white needles soluble in methyl] alcohol, and 
is distinguished from the p-isomer by the solubility of its aniline salt 
in water. On reduction with red phosphorus and concentrated hydriodic 
acid 2-carboxyphenyldiiodoarsine is formed, but with sodium hydro- 
sulfite the product obtained is the corresponding arseno compound. 


3-Carboxyphenylarsonic acid (m-Benzarsonic acid), from 3-methyl- 
phenylarsonic acid by oxidation with aqueous potassium permanganate 
in caustic potash solution, consists of lustrous leaflets readily soluble in 
water or alcohol. When heated it does not melt, but at 220° is trans- 
formed into the anhydride (m-arsinoxybenzoic acid), HOOC.C,H,As0., 
a yellowish powder which is reconverted into the acid by warming with 


COO 
water. The calcium salt, C,H, Ca, forms small, rectangular 


AsO.,H 
plates readily soluble in water. The silver salt, 


AgOOC.C,H,.AsO(OAg)., 


is a white precipitate insoluble in water.1?1% 


4-Carboxyphenylarsonic acid (p-Benzarsonic acid) may be obtained 
by oxidizing 4-methylphenylarsonic acid either with aqueous potassium 
permanganate in alkaline solution,!?** or by heating with dilute nitric 
acid (d, 1.2) in a sealed tube for 13-14 hours at 150°,1?1® or for three 
hours at 170°.1° The compound may also be derived from 4-amino- 
benzoic acid by Bart’s method,*4% or from 4-aminophenylarsonic acid by 
treating its diazo solution with cuprous cyanide, and hydrolyzing the 
resulting 4-eyanophenylarsonic acid with potassium hydroxide.**' The 
acid forms large, colorless, transparent leaflets or fine needles sparingly 
soluble in water, cold alcohol or hot glacial acetic acid, but readily 
soluble in hot alcohol and in alkali hydroxides or carbonates, forming 
salts with the last two reagents. The acid is very stable—it is not 
reduced by either zinc or aluminium in alkaline solution, and when 
heated with dry bromine in a sealed tube at 100° yields the correspond- 
ing dibromo arsonic acid, the arsenic being split off only upon heating 
the acid with bromine water at 150°. When heated alone it loses one 

COOH 


molecule of water, forming an anhydride, CoH, , a pale yellaw 


AsO, 
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powder crystallizing from boiling alcohol in ill-defined crusts and decom- 
posing at 230°. 


Salts —The acid potassium salt, 
HOOC.C,H,AsO;H,.KOOC.C,.H,AsO;Hp, 


consists of triclinic plates soluble in warm water and insoluble in abso- 
lute alcohol. Its aqueous solution has an acid reaction and liberates 
carbon dioxide from alkali carbonates. Fused with caustic potash, it 
yields phenol, while with phosphorus pentachloride it gives a chlorinated 
product which is converted into benzarsonic acid upon the addition 
of water. The potassium is removed with difficulty on dissolving the 
salt in dilute hydrochloric acid, and evaporating to dryness on a water 


COO 
bath. The calcium salt, C,H, Ca + H.O, consists of nacreous 


AsO;,H 
leaflets sparingly soluble in cold water and more readily in hot, while 


COOAg 


the silver salt, C,H, , 1s a white, amorphous precipitate 
AsO (OAg),. 
insoluble in water but readily soluble in ammonia or nitric acid.t*1® 


COOCH, 
Esters—tThe methyl] ester, C,H, , is derived from silver 


AsO(OH), 
benzarsonate by heating with methyl iodide in a sealed tube at 110°. 
It consists of colorless, crystalline crusts which dissolve in alcohol, are 
insoluble in ether, do not melt on heating, and may be hydrolyzed by 
boiling with water but more readily with alkalis.17*7 The ethyl ester, 
made by oxidizing the corresponding arsineoxide with hydrogen peroxide 
in alkaline solution, crystallizes in small, lustrous plates soluble in 
aqueous sodium carbonate, and melting at about 260° with the imme- 
diate formation of an infusible powder.'**® The cholesterin ester, 
H,O;AsC.H,COOC,,H,;, as well as its potassium salt, consists of needles 
difficultly soluble in alcohol. The myricyl ester, H,O,AsC,H,COOC,; Ho, 
results upon oxidation of the corresponding arsineoxide with hydrogen 
peroxide in acetone solution, forming minute leaflets sparingly soluble 
in alcohol.’ The guaiacol ester, H.O,AsC,H,COOC,H,OCH;, simi- 
larly prepared, exists us thin, shiny, odorless needles very soluble in 
aqueous sodium carbonate, soluble in alcohol or hot acetone, insoluble 
in ether, and decomposing without melting at a very high temperature.®#* 
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The quinine ester, H.O;AsC,H,COOC.,H.;N.0, is obtained by first boil- 
ing together chloroform solutions of 4-dichloroarsinobenzoyl chloride 
and anhydrous quinine, and then oxidizing the resulting dichloroarsino- 
benzoylquinine hydrochloride with hydrogen peroxide. The compound 
crystallizes from 50 per cent alcohol in small, brilliant cubical crystals, 
m. p. about 200°; easily soluble in dilute mineral acids, aqueous caustic 
soda, sodium carbonate or ammonia but slightly in water, alcohol or 
acetone.1248 


4 or 2-Carboxry-2 or 4-methylphenylarsonic acid (m-Toluarsonic 


COOH 
acid), H,O,AsC,H, , 1s made by oxidizing 2,4-dimethylphenyl- 


arsonic acid with the calculated amount of potassium permanganate. 
At 190° it loses one molecule of water, forming the anhydride, while 
above 300° it decomposes without melting. The acid is soluble in 
water, alcohol or ether, and forms a silver salt, 


(HOOC) (CH;) C,sH;AsO (OAg) ».1719 


2-Carboxry-5-methylphenylarsonic acid (p-Toluarsonic acid) is pre- 
pared like the meta isomer from 2,5-dimethylphenylarsonic acid, form- 
ing white crystals, m. p. 208°; easily soluble in alcohol or ether but 
difficultly in water. It forms a white, amorphous silver salt.*°* 


2,4-Dicarboxyphenylarsonic acid (Isophthaloarsonic acid), 
H,O;AsC.H;(COOH)., 


from 2,4-dimethylphenylarsonic acid by oxidation with the calculated 
amount of potassium permanganate in alkaline solution, consists of 
colorless crystals decomposing without melting when heated.'*1 


NO, 
4-Nitro-2-carboryphenylarsonic acid, H,O,AsC,Hs , Is ob- 


COOH 
tained as splendid white husks and needles on treating 5-nitroanthranilic 
acid according to Bart’s method. With sodium hydrosulfite the com- 
pound does not yield the arseno derivative but an easily soluble sulf- 
aminic acid.'”?° 


3-Nitro-4-carboxyphenylarsonic acid is derived from 3-nitro-4- 
methylphenylarsonic acid by oxidation with potassium permanganate 
in alkaline solution at 60-70°. It crystallizes in fine, white needles 
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easily soluble in water or alcohol, insoluble in ether or chloroform, and 
remaining unmelted below 300°.°7° 
NH, 


4-Amino-2-carboxyphenylarsonic acid, H,O;AsC.H, , results 
ON 
COOH 


either upon refluxing the corresponding acetylamino derivative with 
methyl alcoholic potash,!?22 or upon reducing the 4-nitro-2-carboxy 
derivative with ferrous sulfate in alkaline solution.’**? It separates as 
leaflets having the same properties as the succeeding isomer. 


4-Amino-8-carbozyphenylarsonic acid (Anthranilarsonic acid) is 
produced by hydrolyzing the corresponding acetylamino derivative in 
either acid or alkaline medium. It crystallizes from water or glacial 
acetic acid in needles melting with decomposition at 245°, soluble in 
methyl or ethyl alcohol, hot water or hot glacial acetic acid and spar- 
ingly in excess of cold hydrochloric acid, acetone or other organic sol- 
vents. The compound is a moderately strong acid. Its aqueous solution 
gives a reddish-yellow color with ferric chloride, but towards alkalis, 
magnesia mixture, calcium chloride or silver nitrate it behaves like its 
acetyl derivative. It can be very readily diazotized, the resulting diazo 
solution exhibiting the usual diazo characteristics, and coupling with 
amines or phenols to arsenical azo dyes.'*?* 


4-Acetylamino-2-carboxyphenylarsonic acid, 
COOH 


HeOPAsc-i. 


’ 


Ds 
NH.COCH, 


from 4-acetylamino-2-methylphenylarsonic acid by oxidizing with potas- 
slum permanganate in alkaline solution, crystallizes from water as short 
needles melting at 260° with decomposition. It behaves like its 3-carb- 
oxy isomer except that it is much more sensitive to the action of strong 
acids, so that it cannot be hydrolyzed to the corresponding amino com- 
pound by such reagents.!*?4 


4-Acetylamino-3-carboxyphenylarsonic acid, prepared like the pre- 
ceding compound from the 4-acetylamino-3-methylphenyl derivative at 
80-95°,'°*° crystallizes from water in long, thin, hair-like crystals con- 
taining one molecule of the solvent, and from glacial acetic acid as 
short, felted needles melting at 230° with decomposition. It is soluble 
in hot water, cold methyl or ethyl alcohol, acetone, glacial acetic acid, 
alkali hydroxides or carbonates and very sparingly so in dilute hydro- 
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chloric acid or the other usual solvents. The compound is a moderately 
strong acid; from its solution in alkalis, aleohol precipitates the alkaline 
salts as white solids extremely soluble in water. It also forms calcium, 
magnesium and silver salts. The acetyl group may be readily split off 
by means of sodium hydroxide in the usual manner. 


4-Acetylamino-5-carboxry-2-methylphenylarsonic acid, 
CH; 
va 
H,0;AsC,H, — COOH 


) 


\ 
NH.COCH, 
is obtained from 4-acetylamino-2,5-dimethylphenylarsonic acid by oxi- 
dation with potassium permanganate in alkaline solution. It decom- 
poses at 255°.1226 
4-Acetylamino-2,5-dicarboryphenylarsonic acid, 


(COOH), 

We 
H.0;AsC,H> 
s 

NH.COCH, 


is formed on further oxidizing the preceding compound with alkaline 
permanganate solution. It turns brown and decomposes at 340°.1%?6 


4-Carbamido-3-carboxyphenylarsonic acid, 


COOH 
Va 
H,0;AsC.H, 
~ 
NH.CONH; 


Aqueous disodium 4-amino-3-carboxyphenylarsonate is treated with four 
moles of potassium cyanate and four moles of glacial acetic acid, allowed 
to stand for 24 hours, and the carbamino compound precipitated with 
hydrochloric acid.°° 

OH 


4-Hydroxy-2-carboxyphenylarsonic acid, H,O,;AsC,.H, Pe alist 


COOH 
made by oxidizing an aqueous suspension of 2,2-dicarboxy-4,4-dihy- 
droxyarsenobenzene with 30 per cent hydrogen peroxide. It consists 
of snow-white needles easily soluble in water.'*?? 
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4-Hydroxy-3-carboxyphenylarsonic acid (Salicylarsonic acid), is 
produced by diazotizing the 4-amino-3-carboxy derivative with sodium 
nitrite in sulfuric acid solution, and decomposing the diazo solution by 
means of steam. It crystallizes from water as transparent platelets 
which begin to decompose at 325°, are soluble in hot water, methyl or 
ethyl alcohol, acetone or glacial acetic acid but practically insoluble 
in the other usual organic solvents. Hydrochloric and sulfuric acids 
do not affect it in the cold, while boiling with nitric acid splits off the 
arsenic. Its aqueous solution turns red congo blue, yields a red solution 
with ferric chloride, and forms sparingly soluble silver, calclum, mag- 
nesium, barium, copper and iron salts. The alkali salts are precipitated 
from water by alcohol.'??7 


5-Nitro-4-hydroxy-2-carboxyphenylarsonic acid, 
COOH 


Zz 
HO, AsC,H. tees NO, ) 


~ 
OH 


derived from 4-hydroxy-2-carboxyphenylarsonic acid by nitrating at 0°, 
consists of white needles decomposing at 350-5°.1?°5 


Hippuroarsonic acid, H,O,AsC,.H,.CONHCH.COOH, is obtained 
from the corresponding arsineoxide by oxidizing with hydrogen peroxide 
in alkaline solution, the benzarsonic acid, which is simultaneously 
formed, being easily removed by virtue of its insolubility in water. 
The hippuroarsonic acid is easily soluble in water, methyl or ethyl 
alcohol, almost insoluble in the fatty solvents, and gives precipitates 
with calcium, barium and magnesium ions. Its trisodium salt erystal- 
lizes with four molecules of water in strongly hygroscopic, colorless 
needles readily absorbing carbon dioxide from the air.°*7 


, aa 
4-Benzoylalaninearsonic acid, H.O,AsC,;H,.CONHCH Pha 


COOH 
well as the seven succeeding acids, are obtained by the oxidation of 
their corresponding arsineoxides with hydrogen peroxide in alkaline solu- 
tion. The above compound consists-of minute, cubical crystals sparingly 
soluble in cold water but more easily on heating. The solution of its 
alkal salts, when treated with caletum chloride or magnesia mixture, 
becomes turbid only on warming; with copper salts it gives green 
precipitates soluble in ammonia to a deep blue solution from which 
azure blue needles containing arsenic and ammonia finally separate. 
With salts of other heavy metals there are obtained insoluble pre- 
cipitates. 
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4-Benzoylleucinearsonic acid, 
CH,CH(CH;). 


a 
H,0,AsC.H,.CONHCH 
SS 
COOH 


crystallizes as minute needles sparingly soluble in hot water. 


4-Benzoylaspartic acid-1-arsonic acid, 
CH,.COOH 


Me 
H,0,AsC,H,. CONHCH 
~ 
COOH 


separates as whetstone-shaped crystals, frequently combined into husks, 
which are fairly soluble in cold water with an acid reaction. 


4-Benzoylglutamic acid-1-arsonic acid, 
GH,.CH,COOH 


a 
H,0;,AsC.H,. CONHCH 
COOH 


consists in part of small cubical crystals, but for the most part it is 
a syrupy mass soluble in water in all proportions with an acid reaction. 


4-Benzoylphenylalaninearsonic acid, 
CH.C,.H; 


H,0O;,AsC,H,CONHCH ‘ 
COOH 


exists as small needles soluble in alcohol or hot water, but otherwise 


resembling the alanine derivative. 
CH; C.H,OH 


4-Benzoyltyrosinearsonic acid, H,O;AsC,H,CONHCH 


AS 
COOH 
—Leaflets soluble in water or alcohol.?°° 


Benzophenone-4-arsonic acid, H,0,AsC,H,.COC,H;, crystallizes 
from boiling water as lustrous clusters of elongated plates softening at 
195° but not melting below 260°. It is soluble in alkalis, alcohol or 
warm glacial acetic acid but insoluble in cold water, benzene or ether. 
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Its oxime, H.O,AsC,H,.C , is obtained by warming the acid with 
Calls 

hydroxylamine sulfate in a slightly alkaline alcoholic solution, and 
crystallizes from hot water as fine, colorless needles which do not melt 
below 260°.°4° 


4’-Methylbenzophenone-4-arsonic acid, H,O,;AsC.H,.COC,H.(CHs). 
—Transparent plates from hot water which do not melt below 260°, are 
easily soluble in alkalis, somewhat soluble in ethyl alcohol and insoluble 
in ether, benzene, etc.°*® 
O 


3’-Nitrobenzophenone-4-arsonic acid,  H,O,AsC.H4.C 


CsH,. NO, 
consists of fine, light yellow needles obtained by treating benzophenone- 
arsonic acid with fuming nitric acid, and warming on a water-bath.°* 


4’-Methoxybenzophenone-4-arsonic acid, 


0 
Yi. 
H,0,AsC.H,.C 


C.H,.OCHs 


is prepared by condensing a carbon bisulfide solution of 4-dichloro- 
arsinobenzoy! chloride with anisole in the presence of aluminium chlo- 
ride, converting the product into the arsineoxide by means of sodium 
carbonate, and oxidizing this oxide, without attempting to isolate it, by 
means of hydrogen peroxide. It may be recrystallized from hot 
Waters 


4’-Ethoxybenzophenone-4-arsonic acid, prepared in a similar man- 
ner from phenetole, may be recrystallized only from glacial acetic acid 
or 95 per cent ethyl alcohol, as water dissolves the compound with great 
difficulty 227° 


4’-Phenoxybenzophenone-4-arsonic acid is produced in the same way 
using diphenyl ether. It crystallizes from hot glacial acetic acid or 
95 per cent alcohol as colorless platelets which do not melt below 260°, 
and are practically insoluble in boiling water.'??° 


19. Aryl Arsonic Acids Containing Mercury.—The introduction of 
mercury into the nuclei of aryl arsonic acids has been found possible 
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by the interaction of solutions of the above acids or their sodium salts 
and mercuric acetate, forming acetoxymercuriarsonic acids of the general 


HgOOCH, 
formula R . These in turn yield, on subsequent treatment 


Ss 
AsO(OH), 
with dilute alkalis, the corresponding hydroxymercuri derivatives of the 
HgOH 


formula R , which react with still more alkali, forming salts. 


Sea OH), 
The free acids are generally insoluble in water or the usual organic 
solvents, soluble in alkalis and, in many cases, in glacial acetic or 10 per 
cent hydrochloric acid. The alkaline solutions, on prolonged exposure 
to air, gradually decompose, free mercury being deposited. 


HgOH 
3-Hydroxymercuri-4-aminophenylarsonie acid, H.O,AsC,H, , 
NH, 
and 3,4-dihydroxymercuri-4-aminophenylarsonic acid, 
(HgOH). 
Ue 
H,O,AsC,.H, ; 
a 
NH, 


are simultaneously formed upon allowing sodium-p-arsanilate and 
mercuric acetate to interact in water at 100° for five hours. They are 
isolated through their disodium salts which are separated by fractional 
erystallization. The monohydroxymercuri compound forms small tab- 
ular crystals insoluble in water or the usual organic solvents, while the 
dihydroxymercuri derivative separates as small plates. Their disodium 
salts crystallize with 4H.O in the form of small, glistening needles 
readily soluble in hot water but sparingly in cold.'?%° 


5-Hydroxymercuri-4-amino-3-methylphenylarsonic acid, 
CH, 


H.O,;AsC,H,—NH, , 


~ 
. HgOH 


is a crystalline solid soluble in alkalis, forming mono- and di-metallic 
salts.122° 
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5-Acetoxymercuri-3-bromo-4-aminophenylarsonic acid, 
Br 
7 
H,O,AsC,H, —_ NH, ) 
HgOOCH, 


is a white powder soluble in dilute sodium hydroxide, 10 per cent hydro- 
chloric or warm glacial acetic acid.'?** 
5-Acetoxymercuri-3-bromo-4-oralylaminophenylarsonic acid, 
Br 


ve 
H,0,AsC,.H, — NH.COCOOH. 
HgOOCCH, 


A white powder soluble in very dilute caustic soda, from which solution 
metallic mercury is deposited on standing.'?*? 


5-Acetoxymercur-3-mitro-4-aminophenylarsomec acid, 
NO, 


H,0,AsC,.H, — NH, ; 


aN 
HgOOCCH; 
consists of a bright yellow powder soluble in warm, very dilute sodium 


hydroxide, 10 per cent hydrochloric acid, glacial or warm 15 per cent 
acetic acid but slightly soluble in methyl alcohol.!?** 


8,6-Dihydroxymercuri-4-hydroxyphenylarsonic acid, 
(HgOH). 


HeOsAsC, EH. 
OH 


is obtained as a crystalline solid soluble in dilute alkali, forming a 
water-soluble trisodium salt. When an aqueous solution of this salt 
is treated with sodium chloride and acidified with hydrochloric acid, a 

(HgCl), 
white crystalline dichloromercurt derivative, H.O,AsC,H, 


~ 
OH 


results, !2%° 
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5-Hydroxymercuri-4-hydroxy-3-methylphenylarsonic acid, 
HgOH 


we 
H,0,AsC,H,— OH > 
aN 


also forms crystals which dissolve in dilute alkali to yield a water- 
soluble trisodium salt.12%° 


5-Acetorymercuri-3-nitro-4-hydroxyphenylarsonic acid, 


NO, 
oo 
HAO, 0H ; 


HgOOCCH, 
is a yellow powder soluble in dilute sodium hydroxide solution.12%# 


2-Acetoxymercurt-8,5-dinitro-4-hydroxyphenylarsonic acid, 
(NO2). 
VA 
H,O,AsC,H—OH 


~< 
HgOOCCH; 
A pale yellow powder only partially soluble in dilute caustic soda, a 
pale yellow turbidity persisting.1?%4 
2 or 6-Acetoxymercuri-38-amino-4-hydroxyphenylarsonic acid, 
NH, 


H,O,AsC,H, — OH ) 


HgOOCCH, 
consists of a brown powder soluble in dilute caustic soda, from which 
solution metallic mercury is soon precipitated. It is also slightly soluble 
in cold glacial acetic or 10 per cent hydrochloric acids.'*** 
2-Acetoxymercuri-3,5-diamino-4-hydroxyphenylarsonic acid, 
(NH;)>» 


H,0,AsC,.H — OH 5 
Hg0OCCH, 


separates as a dark brown powder soluble in very dilute sodium bys 
droxide, from which solution metallic mercury is deposited on standing. 
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It is also soluble in 10 per cent hydrochloric acid and partially in glacial 
acetic acid.1?%5 


2-Acetoxymercuri-3,5-di(acetylamino) -4-hydroxyphenylarsomic acid, 
(NH ,COCH,). 


Le 
H,0,AsC.H — OH : 


HgOOCCH, 


is a gray prowder partially soluble in cold glacial acetic acid and soluble 
in dilute sodium hydroxide, from which solution metallic mercury pre- 
cipitates on standing.'?*° 


2-Acetoxymercuri-4-carboxyphenylarsonic acid, 
HgOOCCH, 


eS 
H,0,AsCoH, 
COOH 


is a cream-colored powder soluble in concentrated aqueous sodium 
chloride, dilute hydrochloric or warm glacial acetic acid. Aqueous 
sodium hydroxide does not dissolve it, but forms a yellow precipitate.***" 


8,6-Dihydroxymercuri-4-hydroxy - 1’- methylazobenzene - 4’- arsonic 


3 


acid, H,O;AsC.H, (HgOH),, consists of a scarlet 


We 
N:N.C,H, 


OH 
amorphous solid soluble in aqueous caustic soda, forming a water-soluble 
trisodium salt.'#8° 


5,5’-Mercurt- bis (3-nitro-4-hydroxyphenylarsonic acid), 


H.O,As AsO3H, 
a fe 
O.N aie CAGE . Hg . (Calal. od NO, ; 
HO OH 


is produced by warming an alkaline solution of 5-acetoxymercuri-3- 
nitro-4-hydroxyphenylarsonic acid with successive portions of aqueous 
sodium hydrosulfide until the filtrate gives a negative test with sodium 
stannite. The free acid, isolated by treating a hot solution of its 
ammonium salt with an excess of dilute sulfuric acid, is a very hygro- 
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scopic yellow powder insoluble in all organic solvents, and is unaffected 
by sodium stannite in alkaline solution. Like other compounds of this 
type it has no melting point.'2°5 


20. Aryl Trithioarsonic Acids and. Arsinedisulfides—RAsS (SH). 
and RAsS,. On passing hydrogen sulfide through ammoniacal solutions 
of various arsonic acids, there are formed ammonium salts of the cor- 
responding trithioarsonic acids, which upon treatment with hydrochloric 
acid yield the free thio acids: 


RAsO(ONH,), —— RAsS(SNH,). —~ RAsS(SH)p. 


The latter, however are so unstable that they decompose according to 
either one of the two following equations, depending upon the work- 
ing conditions and the nature of the nuclear substituents: 


RAsS(SH), —— RAsS, + H.S 

2RAsS8(SH), —— R.As.S, + 2H.S-+S. 
On the other hand, the alkali salts of trithioarsonic acids are very stable, 
and can be prepared from arylarsinesulfides or -sesquisulfides by treat- 
ment with alkali sulfides and sulfur, or with alkali polysulfides: 

RAsS + Na.S + S —— RAsS;Na, 

a 
Na.S, 


R.As.8; + 2Na.S +S —— 2RAsS,Na». 


It is interesting to note that the free 3-amino-4-methylphenyltrithio- 
arsonic acid has been obtained as a sulfate by reducing the correspond- 
ing nitro arsonie acid with hydrogen sulfide. 
The disulfides are formed by the action of hydrogen sulfide upon 
arsonic acids: 
RAsO,H, + 2H,S —— RAss, + 3H,0; 
by the decomposition of trithioarsonic acids; or upon the addition of 
sulfur to arseno compounds: 
RAs = AsR + 28, —— 2RAsSs,. 
SNa 
Disodium phenyltrithioarsonate, C,H;Ass, , Is obtained by 


SNa 
treating phenylarsinesulfide or -sesquisulfide with a solution of sodium 
hydrosulfide containing sulfur. It forms fine needles easily soluble in 
water but difficultly in alcohol.'**° 
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3-Amino-4-methylphenyltrithioarsonic acid, H.S;AsC.H; , 18 


NH, 


prepared by saturating an ammoniacal solution of 3-nitro-4-methylphen- 
ylarsonic acid with hydrogen sulfide, warming on the water-bath for 
twelve hours, adding fresh ammonia, and again saturating with hydrogen 
sulfide. The compound is then isolated as the sulfate by evaporating 
the liquid to dryness, digesting the residue with very dilute hydro- 
chloric acid, and treating the filtered solution with dilute sulfuric acid. 
The salt is a yellowish, amorphous powder which begins to decompose 
at 155°, does not dissolve in water or organic solvents, but is readily 
soluble in dilute alkalis, from which it is reprecipitated by sulfuric 
acid. In addition, concentrated hydrochloric acid appears to precipi- 
tate a difficultly soluble hydrochloride.1?*° 


Benzylarsinedisulfide, Cy>H;CH.As8., slowly separates as a heavy, 
bright yellow oil, sparingly soluble in water, on treating an aqueous 
solution of benzylarsonic acid with hydrogen sulfide. It dissolves rapidly 
in nitric acid with liberation of sulfur and oxides of nitrogen. When 
heated alone, it decomposes, yielding hydrogen sulfide, arsenic trioxide 
and _ stilbene.'?*4 


2,5-Dimethylphenylarsinedisulfide, (CH,).C,H,Ass., results on sat- 
urating an ammoniacal solution of the corresponding arsonic acid with 
hydrogen sulfide and acidulating with hydrochloric acid. It separates 
as a white precipitate which may be reerystallized from benzene, and 
melts at 95°.5* 


8-Nitrophenylarsinedisulfide, CoH, , Is made by boiling an 


NO, 
aqueous suspension of dinitroarsenobenzene with flowers of sulfur for 
about one hour, then rendering ammoniacal, filterimg and precipitating 
with hydrochloric acid. It is a white powder melting at about 80° 
and intumescing at higher temperatures, readily soluble in ammonia 
or aqueous alkalis, shghtly in aleohol or benzene but insoluble in water, 
ether or chloroform.’ 


Phenylglycine-4-arsinedisulfide, HOOCCH.HN.C,H,.As8., is a yel- 
lowish-white substances produced by saturating an aqueous solution of 
the corresponding arsonic acid with hydrogen sulfide. The compound is 
soluble in soda but difficultly so in organic solvents, with the exception 
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of the bases. It gradually assumes a yellow color on exposure to light, 
begins to sinter at 70°, and decomposes at 142°.5°9 


p-(Acetylmercapto)aminophenylarsylene disulfide [S-Acetylhydro- 
sulfaminophenyl-4-arsinedisulfide], (CH,;CO.S.HN)C,H,AsS., is pre- 
pared by introducing atoxyl into aqueous formaldehydesulfoxylate at 
70°, and treating the cooled solution with thioacetic acid. After stand- 
ing over night there is formed at the bottom of the vessel a yellow 
solid which is purified by dissolving in pyridine and _ reprecipitating 
with methyl alcohol. The red compound obtained melts with decom- 
position at 183°.9°° 


B. Secondary Derivatives. 


1. Diaryl Arsinetrihalides and -Oxyhalides, R.AsX;—The simplest 
method of preparmg compounds of the above type consists in treating 
diary! monohalogenated arsines with anhydrous halogens: 


eee oe Re ak 


The same products may be produced by the action of halogens upon 
aromatic cacodyls: 


R.As.AsR, + 3X, —— 2R,AsX;,; 
and by the interaction of diarylarsines and halogens: 
R.AsH + 2X, ——> R.AsX, + HX. 


None of these methods, however, have been employed in the prepara- 
tion of dibenzylarsinetrichloride; it results upon heating tribenzyl- 
arsine with an excess of benzyl chloride in a sealed tube at 200°, and 
is also one of the products formed on condensing benzyl chloride with 
arsenic trichloride by means of sodium. The diaryl arsinetrihalides 
are solids generally decomposed by water, yielding the corresponding 
diarylarsinic acids: 


R,AsX,; + 2H,O —— R,AsO.OH + 3HX 


Diaryl arsineoxides combine additively with dry halogens, forming 
the corresponding arsineoxyhalides, which are easily decomposed by 
water into diarylarsinic acids: 


(RaAsy0-- 2X, = — > (RyAgXs),0 
(R,AsX.) 20 a 3H.O ee 2R.AsO . OH +p 4HX. 


Aryl esters of the hypothetical compound R,As(OH)X, are obtained by 
the action of halogens upon esters of diphenylarsenious acid in anhydrous 
solvents. They are crystalline substances which hydrolyze to phenol, 
diarylarsinic and haloid acids: 
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R,As(OR’) + X, ——~ R.As(OR’)X, 
R,As(OR’)X, + 2H.O ——> R,AsO.OH + 2HX + R’OH. 


A dicamphorylarsineoxychloride corresponding to the formula R,AsOCl 
has been obtained by the action of phosphorus pentachloride upon di- 
camphorylarsinic acid: 


R,AsO.OH + PCI, > RsAsOCl= POC, + HCL 


The above compound is the only representative of this type of aromatic 
arsenicals. 


Diphenylarsinetrichloride, (CeH;)2AsCl;, may be obtained either by 
the action of dry chlorine on diphenylchloroarsine,'*** or by bringing 
chlorine in contact with phenyl cacodyl.“** It crystallizes from warm 
benzene as colorless plates, m. p. 174°; easily decomposed by water 
into diphenylarsinic and hydrochloric acids. When heated gently in a 
current of carbon dioxide it decomposes into diphenylchloroarsine and 
chlorine, while heating in a sealed tube at 200° yields chlorobenzene 
and phenyldichloroarsine. 


Diphenylarsinechlorobromide, (CgH;)2AsCl.Br., results upon allow- 
ing dry bromine vapors to act upon diphenylchloroarsine. It is a 
flesh-colored solid soluble in hot benzene or ether with partial decomposi- 
tion, and fuming slightly on exposure to air.'?** 


Diphenylarsinetribromide. is precipitated on allowing diphenylarsine 
to distil slowly into ether containing bromine. It forms golden-yellow 
plates, m. p. 129°; attacks the skin with great avidity, and is decomposed 
by water, forming diphenylbromoarsine.'**° 


Di(4-methylphenyl) arsinetrichloride, (CH,.C,H,)sAsCls, is a pale 
yellow, pulverulent mass obtained by the action of dry chlorine upon 
the corresponding chloroarsine.'**° 


Dibenzylarsinetrichloride, (Cy>H;.CH»).AsCls, is prepared either by 
condensing benzyl chloride and arsenic trichloride by means of 
sodium,*** or by heating tribenzylarsine with an excess of benzyl chloride 
in a sealed tube at 200°.1?47 


Di(3-nitrophenyl) arsinetrichloride, (OoN.CsH,)oAsCl,, results upon 
treating a benzene suspension of tetra(3-nitrophenyl)diarsine with 
chlorine until complete solution is effected.’™ 


Di(8-nitrophenyl) arsinetribromide is formed from the corresponding 
bromoarsine by treating with bromine in benzene, and allowing to con- 
centrate in vacuo. It is a deliquescent solid readily converted into 
di(3-nitropheny!)arsinic acid by moisture."® 
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Cl, 
(CoH,).As” 
Diphenylarsineoxychloride, O , formed by the action 
(C.H;).As 
Cl, 


of dry chlorine upon diphenylarsineoxide, is a white powder, m. p. 117°; 
soluble in hot benzene, and easily decomposed by water into diphenyl- 
arsinic and hydrochloric acids."48 


C.H; 


CH; . CoH; 


prepared, consists of colorless, fan-shaped aggregates of needles.7®° 


ee a AsCl, }.0, similarly 


Dicamphorylarsineoxychloride, (C,,H;;0),AsO.Cl. From potassium 
dicamphorylarsinate and phosphorus pentachloride. It crystallizes from 
chloroform and benzene as colorless crystals melting at 158°, and is 
rapidly decomposed on exposure to atmospheric moisture.!#48 


Phenyl ester of diphenylarsinehydroxychloride, 
(CeH;),As(OC.H;)Ch, 


results when chlorine acts upon the phenyl ester of diphenylarsenious 
acid in petroleum ether solution. It crystallizes in white needles, m. p. 
121-2°; readily hydrolyzed by water to phenol, hydrochloric and di- 
phenylarsinic acids.1?*° 

The phenyl ester of diphenylarsinehydroxybromide is similarly ob- 
tained as yellowish-red crystals melting at 100°, and hydrolyzing as 
above.775 


Gl 
Diphenylcyanoarsinedichloride, (CeH;)2As . On passing chlo- 
CN 


rine through a benzene solution of diphenyleyanoarsine, filtering off 
the solid which separates, and allowing the filtrate to stand, the above 
product separates out in the course of a few days as a crystalline sub- 
stance melting at 130-33°. The compound is fairly stable when dry 
but is hydrolyzed upon boiling with water, needles of diphenylarsinic 
acid separating on cooling.'*°° 
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2. Arsinic Acids—Arsinic acids in which the arsenic is attached to 
one aryl and one alkyl group may be prepared by a further application 
of Meyer’s method. The procedure consists in treating an arylarsine- 
oxide with an alkyl iodide in the presence of alkali, the resulting reaction 
being represented as follows: 


ONa R’ 
ae RI pe 
RAsO meee RAs ose RAS va ———— 
ONa Noa 
R’ 


ONa 


The unsubstituted diarylarsinic acids may be obtained: 

1. From the corresponding arsinetrichlorides by treatment with water. 
It is not necessary to isolate the trihalide, as the arsinic acid separates 
directly upon treating the chloroarsine with chlorine in the presence of 
water, the following two reactions occurring simultaneously: 


R,AsCl + Cl, ——> R,AsCl, 
R,AsCl, + 2H,0 ——> R,AsO.OH + 3HCl. 


2. By hydrolyzing the corresponding arsineoxychlorides: 
(R,AsX,),0 + 3H.O0 —~> 2R,AsO.0OH + 4HX. 
3. From diaryl cyanoarsines or arsineoxides by oxidation: 


R,AsCN + 0-+ H,O —-> R,AsO.OH + HCN 
(R,As),0 + O-'H,0 —-> 2R,Ac0.0H: 


The unsubstituted arsinic acids which are well-defined crystalline com- 
pounds soluble in water, alcohol or acetic acid, are amphoteric, forming 
salts with both acids and bases. The alkali and alkali earth salts are 
generally hygroscopic and readily soluble in water, while those of the 
heavy metals are, as a rule, insoluble. The salts with acids are usually 
unstable and readily hydrolyzed by water. Unlike the aryl arsonic 
acids, the arsinic acids do not form anhydrides upon heating. When 
reduced with phosphorous acid they yield tetraaryldiarsines. 

Many nuclear substituted arsinic acids have also been obtained, in 
quite a few cases by methods similar to those employed in the prepara- 
tion of primary arsonic acids. They exhibit properties characteristic 
of both arsinic acids and the particular groups present in the ring. 
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CoH; 
Compounds of the general type AsO.ONa_ or 
HOOCCH, 
CeH; 
AsO.ONa are very easily produced from halogenated 
RHNOCCH, 


acids or -anilides and sodium arylarsenites. The latter are not actually 
isolated but are formed as intermediate products. The procedure con- 
sists in dissolving an aryl dichloroarsine in four moles of alkali and 
gradually adding one mole of the halogen compound, generally at room 
temperature. The reactions usually proceed rapidly enough so that 
neither heating nor stirring is necessary, and are completed within a 
very few hours. To isolate the products, which for the most part are 
not very soluble in water, the reaction mixture is neutralized to phenol- 
phthalein with hydrochloric acid, causing a precipitation of any un- 
changed aromatic arsineoxide, and the filtrate rendered very slightly 
acid to congo, the desired product precipitating in almost quantita- 
tive yield. The majority of these compounds have no melting points 
but have decomposition points varying considerably with the speed at 
which the temperature of the bath is raised. 


CH, 
Phenylmethylarsinic acid, >AsO.OH.—Phenylarsineoxide, dis- 


6 5 


solved in alcohol and caustic soda, is mixed with methyl] iodide, allowed 
to react over night, the hydriodic acid removed by means of silver 
nitrate and nitric acid, and the filtrate treated successively with 
silver nitrate and concentrated ammonia. The silver salt of the arsinic 
acid then separates as a white precipitate, from which the free acid 
is obtained by decomposing with 2N-hydrochloric acid. It crystallizes 
from water upon the addition of acetone, in silky needles, m. p. 179.5°; 
very soluble in water, alcohol or glacial acetic acid, but difficultly in 
acetone or ether. Its aqueous solution is neutral to methyl orange, 
but can be titrated with barium hydroxide in the presence of litmus. 

The compound is amphoteric, forming salts with metallic bases as 
well as with hydrochloric and nitric acids. The barium salt is a water- 
soluble, white, hygroscopic powder; the lead salt consists of a white 
powder easily soluble in water, while the white mercuric salt is less 
soluble than the silver salt.1?°* 
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C.H; 
Bie cienainene acid, AsO.OH, may be prepared like the 
C.Hs 


preceding compound through the silver salt, or by removing the hy- 
driodic acid from the reaction mixture with freshly precipitated silver 
chloride, and acidifying the filtrate with hydrochloric acid. When 
recrystallized from ethyl acetate it separates in colorless tetrahedral 
prisms, m. p. 108°; very easily soluble in water, chloroform, glacial 
acetic acid, methyl or ethyl alcohol, less so in benzene or acetone and 
difficultly in ether or ligroin.’*°* 


CsHi, 
Phenylisoamylarsinic acid, AsO.OH, is obtained in the same 


C.H; 


general way, forming colorless, partially star-shaped prismatic crystals 
which closely resemble phenylmethylarsinic acid. It melts at 108°, is 
easily soluble in methyl or ethyl alcohol, ether, acetone, glacial acetic 
acid, chloroform, ethyl acetate or benzene but difficultly in petroleum 
ether. When heated in water it first melts and then dissolves.1?°$ 


Diphenylarsinic acid, (CeH;),AsO.OH, is produced by the action of 
water upon diphenylarsineoxychloride,’*°* or by suspending dipheny]l- 
chloro arsine in water, introducing chlorine at 60-70° until all is dis- 
solved, and evaporating the solution to dryness.’®° <A better yield is 
obtained by heating a mixture of triphenylarsine and arsenic trichloride 
at 220° for 380 hours, cooling, pouring into water, and saturating the 
solution with chlorine. From the filtered solution the arsenic- and 
phenylarsonic acids are removed by boiling with magnesia mixture, 
and the arsinic acid precipitated from the filtrate by acidifying with 
hydrochloric acid.‘**° The same product is derived from diphenyl- 
cyanoarsine by treating with hydrogen peroxide (2 per cent), with 
bromine water in the cold, or with concentrated nitric acid on a water- 
bath; also from the cqrresponding arsineoxide by oxidizing with hydrogen 
peroxide.”** The compound consists of white needles, m. p. 174°; 
soluble in alkalis, water or alcohol and sparingly in hot ether or benzene. 
When heated at 190-200° it partially sublimes without forming an 
anhydride. It is unaffected by hot nitric or chromic acid, but forms a 
nitrate, (CsH;).AsO.ONO;, when introduced into a mixture of fuming 
nitric and concentrated sulfuric acids at low temperature. This salt 
crystallizes from glacial acetic acid as fine white needles melting at 
125°, decomposing at higher temperatures, and insoluble in the ordinary 


PENTAVALENT AROMATIC ARSENICALS 389 


organic solvents. On boiling in water it first melts, and then hydrolyzes 
to diphenylarsinic and nitric acids. 


Salts—The sodium salt is a very hygroscopic white powder; the 
ammonium salt is completely dissociated over sulfuric acid; the barium 
salt, [(C.H;).AsO.O].Ba is a white, viscous, scarcely crystalline mass; 
the calcium salt forms very deliquescent fine needles; the lead and 
silver salts exist as lustrous needles difficultly soluble in hot water, 
while with copper two salts are formed—a light blue precipitate of 
the neutral salt, [(CsH;).AsO.O].Cu, and a basic salt, 


(C,H,)2AsO.OCu (OH) 225° 


When the arsinic acid is dissolved in an excess of warm dilute hydro- 
chloric acid there separate, on cooling, colorless, monoclinic crystals 
having the formula [(C.H;),AsO.OH]..HCl, m. p. 111-111.5°; soluble 
in chloroform and slightly so in benzene or ether. If, however, the 
solvent is concentrated hydrochloric acid the compound obtained melts 
at 134° and has the composition (C,H,;),AsO.OH.HCl. These two 
compounds may be easily converted one into the other: the first into 
the second by dissolving in warm concentrated hydrochloric acid, and 
the second into the first by heating in chloroform solution with an 
equimolecular quantity of diphenylarsinic acid.1*°* Two similar hydro- 
bromides, m. p. 119.5-120° and 126-126.5° respectively, have also been 
prepared in the same way.'?°® These four compounds are all hydrolyzed 
by water into their components. 

Upon treating an aqueous solution of sodium diphenylarsinate with 
molybdie acid, and adding an excess of guanidinium chloride to the 
concentrated filtrate there is obtained a compound which crystallizes 
from water in hexagonal plates having the formula 


(C.Hs) 2 ] 
(CN,H,).H As (Mo,0,) 2 sal On 
die =| 
(CAGE — 
Phenyl-p-tolylarsinic acid, AsO.OH, is produced like 
OH. C-.H, 


diphenylarsinic acid from pure phenyl-p-tolylchloroarsine and chlorine 
in aqueous medium, separating at first as an oil which, after standing 
for several days, solidifies to an aggregate of white needles, m. p. 
158-60°. It is readily soluble in benzene, alcohol, concentrated nitric 
acid or hot water but very slightly in ether or cold water. It forms 
a white silver salt.7®° 
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C.Hs 
Phenylbenzylarsinic acid, AsO.OH.—Phenylarsineoxide 
C3Hs. on’ 


in alkaline alcohol is mixed with freshly distilled benzyl chloride and 
allowed to stand for three days, when the sodium chloride is filtered 
off, the solution diluted with water, and the unchanged benzyl! chloride 
extracted with ether. Upon neutralizing with hydrochloric acid and 
recrystallizing from alcohol the free acid separates as pure white, shiny 
needles, m. p. 206-7°; easily soluble in methyl alcohol or glacial acetic 
acid but difficultly in water, acetone or ether. Hot concentrated hydro- 
chloric acid splits it into benzyl chloride and phenylarsineoxide or 
phenyldichloroarsine.’?°° 


Di(4-methylphenyljarsinic acid, (C;H;),.AsO.OH.—On carefully 
treating the corresponding arsinetrichloride with water, the above acid 
is obtained as a white mass crystallizing from alcohol in granular erys- 
tals, m. p. 167°; sparingly soluble in hot water or dilute hydrochloric 
acid. Its alkah and alkali earth salts are easily soluble in water, the 
former also dissolving in alcohol. The silver salt is white.1?*® 


Dibenzylarsimic acid, (CsH;.CH.).AsO.OH, is obtained by condens- 
ing benzyl chloride and arsenic trichloride by means of sodium in dry 
ether containing a little pure ethyl acetate, and treating the dibenzyl- 
arsinetrichloride thus formed with caustic alkali.8?° The acid crystal- 
lizes from alcohol in white, highly refractive, nacreous leaflets, m. p. 
210°; readily soluble in hot alcohol but sparingly in ether, benzene, 
acetone or hot water. It has a saline, bitter taste and a very irritating 
effect upon the mucous membrane. Above 210° it decomposes accord- 
ing to the equation: 


2(C.H;.CH:),.AsO.OH — > 
As, + 2H.O + 2C,H;CHO + (C,H,;.CH.).; 
warming with concentrated hydrochloric acid decomposes it completely 
as follows: 
(CsH;.CH,),AsO.OH + + 4HC] —> 
C,H,CH.Cl + C.H,;.CH,; + AsCl,; + 2H.0; 


alkaline potassium permanganate or concentrated nitric acid oxidizes 
it to arsenic- and benzoic acids only after prolonged boiling, while red 
fuming nitric acid nitrates it in the cold but decomposes it at boiling 
temperature. The compound may be reduced with zine or stannous 
chloride and alcoholic hydrochloric acid to an unidentified white, 
sparingly soluble powder which regenerates the dibenzylarsinie acid 
on exposure to air. 
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Like cacodylic acid it exhibits amphoteric properties, forming salts 
with both acids and bases. The hydrochloride 


(C.H;.CH,),AsO.OH. HCI, 


is prepared by warming the arsinic acid with dilute hydrochloric acid, 
and consists of white needles melting at 128°, unstable in air, and easily 
hydrolyzed by water; the hydrobromide is obtained in the same way 
and has similiar properties, while the nitrate, consisting of silky needles 
melting at 128-9°, is comparatively more stable, and is hydrolyzed by 
water into its components. The alkali salts are well-defined, deliques- 
cent, crystalline substances soluble in water or alcohol; the barium salt 
crystallizes with eight and the calcium compound with six molecules 
of water, while the silver salt, an amorphous precipitate sensitive to 
light, is soluble in dilute nitric acid, sparingly so in dilute ammonia and 
insoluble in water or alcohol.??% 


Dibenzylthioarsinic acid, (C,H;.CH.).AsO.SH, results upon passing 
hydrogen sulfide into an alkaline solution of dibenzylarsinic acid, and 
neutralizing with dilute hydrochloric acid. It crystallizes from alcohol 
in white, nacreous leaflets melting at 197-9°.1°% 


O 
! 
CH — As— CH 
. aahee | x 
Dicamphorylarsinic acid, CsHy.4 | CsH., results 
CO. OH CO 


from the interaction of sodium camphor and arsenic trichloride in toluene 
with the exclusion of moisture. After successive crystallizations from 
benzene and alcohol, it is obtained as colorless, highly refractive, 
obliquely truncated prisms, m. p. 266° with decomposition, soluble in 
benzene, chloroform or alcohol, and almost insoluble in water or petro- 
leum. The salts of the alkali metals and ammonium are extremely 
soluble in water or alcohol, are stable in hot aqueous solution but hydro- 
lyze on evaporation with an excess of caustic alkali. Both the free 
acid and the alkali salts decompose at 300°. The calcium, strontium, 
barium, nickel and cobalt salts are not precipitated in aqueous solu- 
tions, while the ferric, mercuric and cupric salts are almost insoluble in 
water. The silver salt is a white, sparingly soluble precipitate, 
amorphous at first but gradually becoming crystalline, especially on 
warming. The cadmium salt is a sparingly soluble white crystalline 
compound. The free acid is liberated from aqueous solutions of its 
salts by acetic acid, but only to a very slight extent by carbonic acid.'*** 
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Diphenylarsinic acid-2-arsonic acid, 


is derived either from 2-aminodiphenylarsinic acid by diazotizing and 
coupling with alkaline sodium arsenite,°* or by mixing an ice-cold 
alkaline solution of phenyldichloroarsine with o-diazophenylarsonic acid, 
allowing to react for 12 hours, and neutralizing the filtrate with fuming 
hydrochloric acid. The admixture of o-azobenzenediarsonic acid is 
largely removed by dissolving the product in hot sodium carbonate solu- 
tion, and precipitating with hot acetic acid. The last traces of im- 
purity are removed from the filtrate by carefully adding hot hydrochloric 
acid until a turbidity forms, treating with charcoal and filtering. The 
pure compound is then obtained by acidifying the filtrate. Upon neu- 
tralizing its hot dilute alkaline solution with hydrochloric acid it 
separates as microscopic, tetragonal leaflets darkening and melting at 
350° with evolution of gas, and very difficultly soluble in water, acetic 
acid or the usual organic solvents. It yields a precipitate on boiling 
with magnesia mixture, and forms insoluble barium and copper salts.1?°° 


GeHs 
2-Nitrodiphenylarsinic acid, AsO.OH, crystallizes from 


ee 
O.N.C.H, 
hot alcohol in yellow needles, and from hot water in pale yellow 
rhombohedra, m. p. 197-8°; easily soluble in glacial acetic acid or hot 
aleohol, less so in hot water and almost insoluble in ether, benzene 
or cold water. It results upon mixing a diazo solution of 2-nitro- 
aniline with an alkaline solution of phenyldichloroarsine at low tempera- 
ture, and subsequently neutralizing with dilute hydrochloric acid.®** 


H.O,AsC,H, 
3’-Nitrodiphenylarsinic acid-2-arsonic acid, AsO.OH, 


O.N.CH.” 
consists of colorless crystals which dissolve in alkalis to a yellow solu- 
tion. It is prepared by nitrating diphenylarsinie acid-2-arsonic acid 
with a mixture of fuming nitric and sulfuric acids at 20°.12%¢ 


Di(3-nitrophenyl)arsinic acid, (O.N.CgH,).AsO.OH, prepared by 
nitrating the corresponding arsinic acid,'®*? crystallizes from hot glacial 
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Ss SS Se SS ES ee es 
acetic acid in ore cites aie cello abe Paeneelnie: prisms melting — “at 
256°, intumescing at higher temperatures, readily soluble in alkalis or 
glacial acetic acid, sparingly in alcohol or hot water and insoluble in - 
ether, benzene or eiloroiernt It forms soluble alkali and alkali earth 
salts; the neutral barium salt crystallizes in yellowish scales; the silver 


derivative is a white precipitate, while the copper salt has the formula 


(O,N.C,.H,),AsO.OCuOH. 


Di(4-nitrophenyl) arsinic acid is obtained by adding an alkaline solu- 
tion of 4-nitrophenylarsenious acid to 4-nitrodiazonium chloride and 
acidifying with hydrochloric acid. The product separates as a yellowish 
precipitate difficultly soluble in water or alcohol but readily in alkalis.* 


(CE 
4-Aminophenylmethylarsinic acid, AsO.OH, results upon 


H.N.C.H, 


treating an alkaline solution of 4-aminophenylarsineoxide with methyl 
iodide, and isolating the free acid either through the silver salt, as in 
the case of phenylmethylarsinic acid, or by removing the iodine with 
freshly precipitated silver chloride and concentrating the acidified 
filtrate. It separates from alcohol-ether as a crystalline powder melt- 
my at 201 °.226 

CeH; 


2-Aminodiphenylarsinic acid, AsO.OH, is obtained by 


vi 
HN .C.H, 
reducing the corresponding nitro compound with ferrous sulfate and 
powdered iron in hot water. The free acid forms a snow-white, crystal- 
line powder, m. p. 129-30°; easily soluble in alkalis, alcohol, glacial 
or hot dilute acetic acid, moderately so in hot benzene and difficultly 


in hot water.??° 
H,O,AsC,H, 


2’-Aminodiphenylarsinic acid-2-arsonic acid, AsO.OH. 


we 
HLN.C.H, 
—The corresponding nitro compound is reduced with ferrous hydroxide, 
and the crude acid purified by dissolving in hydrochloric acid and neu- 
tralizing with sodium hydroxide and sodium acetate. It crystallizes 
in star-shaped aggregates of pale, rose-colored needles, and forms a 
soluble hydrochloride.'*”° 


Di(8-aminophenyl)arsinic acid, (H.N.C,H,),AsO.OH, is prepared 
from the corresponding dinitro compound like the preceding acid. It 
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crystallizes from dilute alcohol in faintly reddish leaflets easily soluble 
in dilute hydrochloric acid, from which the concentrated acid precipi- 
tates the crystalline hydrochloride. gl 


Di(4-aminophenyl) arsinic acid results as a by-product in the prep- 
aration of p-arsanilic acid by Béchamp’s reaction. Separation may 
be effected by dissolving the mixture of the. two acids in hot caustic 
soda solution, decolorizing with animal charcoal, and precipitating the 
atoxyl with alcohol. After distilling off the alcohol from the filtrate, 
the secondary arsinic acid is obtained upon neutralizing with hydro- 
chloric acid.'?72, Another method of separation consists in digesting the 
mixture with just sufficient aqueous caustic soda to give a faintly 
alkaline reaction with litmus, the p-arsanilic acid dissolving while the 
arsinic acid remains undissolved. The latter is converted into the cor- 
responding barium salt, and the free acid obtained by neutralizing with 
hydrochloric acid."27? According to Kober 1274 the above arsinic acid 
may be obtained practically free of p-arsanilic acid by slowly heating 
a mixture of arsenic acid and an excess of aniline up to 230°, extracting 
with aqueous sodium hydroxide and precipitating with acetic acid. The 
crude product is then purified by dissolving in the least quantity of 
sodium hydroxide, removing the adhering aniline by steam distillation 
or aeration while boiling, slightly acidifying with acetic acid, adding 
a slight excess of acetic acid to the filtrate, and extracting the re- 
sulting precipitate with hot acetone, from which the arsinic acid sep- 
arates on standing in a cold place. Upon recrystallization from 50 per 
cent acetic acid, it separates in felted needles, m. p. 232° (Benda), 
248-9° (Pyman); soluble in excess of mineral acids, alkali hydroxides 
or carbonates, hot water, methyl or ethyl alcohol or glacial acetic acid, 
sparingly so in cold water and insoluble in ether, benzene or chloro- 
form. With silver nitrate in neutral solution it forms a white precipi- 
tate soluble in ammonia or nitric acid. Upon boiling with sulfuric 
acid and potassium iodide it yields 4-iodoaniline, but no precipitate is 
obtained by boiling with magnesia mixture in ammoniacal solution (dis- 
tinction from p-arsanilic acid). The sodium salt, 


(H,N . Carls) »AsO . ONa . 5-6H.,0O, 
which is very soluble in alcohol or water, crystallizes from the latter 
in monoclinic plates melting at 83°, but on further heating it loses water, 
resolidifies and does not melt up to 250°. The barium salt, 

[ (H2N.C,H,),AsO.0],Ba.74H.0, 
crystallizes in prisms easily soluble in water but only sparingly in 
alcohol. 

Di -aibbaasigar see arsinic acid, 
[H.N.C Hy (CH; ) ]zAsO.OH, 
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is obtained as a by-product in the arsenation of o-toluidine, and is 
separated from the primary arsonic acid in a manner similar to that 
described under the preceding compound.®** 1°75 The free acid crystal- 
lizes from hot water in highly refractive, microscopic needles melting at 
247-9° with decomposition (Pyman), and from 35 per cent acetic acid 
in short prisms melting at 243° (Benda). It is readily soluble in ex- 
cess of dilute alkalis or mineral acids, hot glacial acetic acid, methyl or 
ethyl alcohol, difficultly in hot water and practically insoluble in cold 
water, ether, acetone, benzene or chloroform. Upon boiling with dilute 
sulfuric acid and potassium iodide it yields 4-amino-3-methyliodo- 
benzene; with both silver nitrate and magnesia mixture it reacts like 
di(4-aminopheny]) arsinic acid. 

The sodium salt, [H.N.C.H;(CH;) ]|,AsO.ONa.74H.O, forms pris- 
matic needles melting at 74-5°; upon continued heating it loses water, 
resolidifies and does not remelt up to 250°. It is readily soluble in 
water or alcohol.1?76 


4-Acetylaminophenylmethylarsinic acid, 
CH; 


“Ss 
AsO.OH, 
JA 
(CH,CO.HN) C,H, 


results from the interaction of 4-acetylaminophenylarsineoxide and 
methyl iodide in alkaline solution. It erystallizes from hot water in 
prisms, m. p. 260° with decomposition; soluble in acetic acid, methyl 
or ethyl alcohol and insoluble in acetone or ethyl acetate.1?° 


Di(4-acetylaminophenyl) arsinic acid, 
[ (CH,CO.HN)C,H,],AsO.OH. 


Upon acetylating the corresponding diamino derivative, and recrystalliz- 
ing from water, the product separates in rosets of needles containing 
3H.O and melting at 275° (Pyman). When recrystallized from 30 per 
cent acetic acid, however, it separates as a white, crystalline powder 
melting at 260-2° (Benda). It is readily soluble in mineral acids, 
dilute alkalis, sodium carbonate, ammonia, hot water, alcohol or glacial 
‘ acetic acid, sparingly in cold water or the usual organic solvents, and 
yields no precipitate with magnesia mixture. Its sodium salt crystal- 
lizes from water in prismatic needles containing 9H,O and melting 
at 50°, but the anhydrous salt does not melt up to 250°.1°7% 1°78 


Di(4-acetylamino-38-methylphenyl) arsinic acid, 
[ (CH,CO, HN) C,H; (CH;) ],AsO.OH, 
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crystallizes from hot water 2° in highly refractive, microscopic prisms 
containing 24H,.O and melting at 242-4°, but separates from 25 per 
cent acetic acid in lustrous prisms which soften at 237° and decompose 
at 255° with frothing.?8° It is insoluble in dilute mineral acids, cold 
water or the usual organic solvents, but dissolves readily in dilute 
alkalis or glacial acetic acid. Its sodium salt consists of silky needles 
containing 6H,O, melting at 106-7°, and soluble in water or alcohol. 
The anhydrous salt does not melt up to 250°. 


Di(4-oxalylaminophenyl) arsinic acid, 
[ (HOOCCO.HN)C,H,],.AsO.OH, 


is prepared by heating sodium di(4-aminophenyl)arsinate with oxalic 
acid, first at 140°, until most of the water is driven off, and finally 
at 160°. The free acid, isolated through the barium salt, crystallizes 
in slender needles containing 4H,O, is sparingly soluble in boiling water, 
methyl or ethyl alcohol and practically insoluble in acetic acid.1?** 


Di(4-alkylaminophenyl)arsinc acids, (RHN.C,H,).AsO.OH, re- 
sult upon warming monoalkylanilines with arsenic trichloride in 
pyridine for two hours at 115-20°, and oxidizing the resulting chloro- 
arsines with hydrogen peroxide in acid or alkaline solution. The products 
thus obtained contain more or less of the corresponding arsonic acids, 
RHN.C,H,AsO(OH)., which may be removed by taking advantage 
of their insolubility in alcohol-ether mixture, in which the arsinic acids 
are soluble. In this way the methyl, ethyl and amyl derivatives have 
been prepared.125? 


Bis (dibromo-3-aminophenyl) arsinic acid, (H.N.C,H.Br.).AsO.OH, 
melting at 187°. is derived from di(3-amimophenyl)arsinesulfide by 
warming with bromine water at boiling water-bath temperature.!2°* 


Bis (tribromo-3-aminophenyl)arsinic acid, (H.N.C;HBr;),.AsO.OH, 
prepared like the preceding compound by warming over a free flame, 
separates as a brown mass, from which the pure product is obtained 
by dissolving in ammonia, clarifying with charcoal, and reprecipitating 
with hydrochloric acid. It forms a white powder more stable than the 
preceding compound, melts at 287°, is difficultly soluble in glacial acetic 
acid and insoluble in alcohol.1288 


Di(8-nitro-4-aminophenyl) arsinic acid, 


| (O2N) (HN) CeHs | »AsO 3 OH 


is a yellow crystalline powder very sparingly soluble in water or the 
usual organic solvents. It results upon nitrating di(4-oxalylamino- 
phenyl) arsinic acid and hydrolyzing the resulting product. Upon warm- 
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ing with an excess of caustic potash the amino group is replaced by a 
ny droxy 32%! 


Di(4-hydroxyphenyl) arsinic acid, (HO.C,H,),AsO.OH, is obtained 
from the corresponding diamino arsinic acid by diazotizing in mineral 
acid solution and warming until the evolution of nitrogen ceases.127> 1284 
It also results as a by-product in the direct arsenation of phenol.1?% 
It crystallizes from 50 per cent acetic acid in thin plates, m. p. 239° 
(Benda), 259° with decomposition (Fargher) ; readily soluble in alkali 
hydroxides or carbonates, hot water, methyl or ethyl alcohol, glacial 
acetic or normal hydrochloric acid, very sparingly in acetone or chloro- 
form and insoluble in ether, benzene or ligroin. It yields no precipi- 
tate with magnesia mixture. 


2,2’ or 2,4’-Di(hydroxyphenyl) arsinc acid, also obtained as a by- 
product in the arsenation of phenol, forms lustrous prisms, m. p. 215-6°; 
soluble in methyl! alcohol, dilute hydrochloric acid, alkali hydroxides or 
carbonates, boiling water, ethyl alcohol or acetic acid, very sparingly 
so in acetone or ether and insoluble in benzene or chloroform. It 
couples with diazotized sulfanilic acid in alkaline solution, yielding an 
orange solution.’?*° 


Di(4-hydroxy-3-methylphenyl) arsinic acid, 
[HO.C.H;(CHs) ],AsO.OH, 

prepared like the corresponding di(hydroxyphenyl) compound, separates 
from 75 per cent acetic acid as a colorless, crystalline powder, m. p. 
247°; readily soluble in sodium hydroxide or carbonate, warm alcohol, 
glacial acetic or normal hydrochloric acid, sparingly in cold or warm 
water and insoluble in ether, benzene or ligroin. It is not precipitated by 
magnesia mixture.’?®° 


3-Nitro-4-hydroxyphenylmethylarsinic acid, 
CH, 


eS 
AsO.OH, 


(O.N) (HO) CoH, 
obtained from 3-nitro-4-hydroxyphenylarsineoxide and methyl iodide in 
methyl alcoholic caustic soda, crystallizes from 50 per cent acetic acid 
in prisms, m. p. 232-3° with decomposition; easily soluble in glacial 
acetic acid or methyl! alcoholic hydrochloric acid, difficultly in water or 
methyl] alcohol and insoluble in ether, acetone, chloroform or benzene.**° 


Di(3-nitro-4-hydroxyphenyl) arsinic acid, 
[ (O.N) (HO) C,H; |,AsO.OH, 
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may be produced either by nitrating di(4-hydroxypheny]) arsinic acid 
at —5° to —3°,28* or by warming di(3-nitro-4-aminopheny]) arsinic 
acid with an excess of caustic potash solution.°*! The product is almost 
insoluble in boiling water, fairly soluble in glacial acetic acid and 
sparingly so in 50 per cent acetic acid, from which it separates in 
rhomboidal prisms melting at 230° with decomposition. 


3-Amino-4-hydroxyphenylmethylarsinic acid, 
CH, 


ne 
AsO.OH. 
a 
(H,N) (HO) C,H, 


Upon reducing the corresponding nitro compound with sodium hydro- 
sulfite in alkaline solution up to 35°, then acidifying with hydrochloric 
acid, and recrystallizing from water, the amino compound is obtained 
in almost colorless needles melting at 206-7° with vigorous decomposi- 
tion. It reduces Fehling’s and Tollens’ solutions, and with sodium 
nitrite yields a lemon-yellow, soluble diazo compound which couples 
with resorcin, producing a red coloration.1?** 


~ Di(3-amino-4-hydroxyphenyl) arsinic acid, 
[ (H.N) (HO) C.Hs | »AsO . OH, 


is a sandy, crystalline precipitate soluble in water or methyl alcohol 
but sparingly so in ethyl acetate. It is derived from the corresponding 
dinitro compound by reduction with sodium hydrosulfite in alkaline 
solution up to 30°." 


Di(8-methoxy-4-hydroxyphenyl) arsinic acid, 
[ (CH,O) (HO) C,H; ],.AsO.OH, 


obtained as a by-product in the preparation of 3-methoxy-4-hydroxy- 
phenylarsonic acid, separates from water in radiating clusters of minute 
prisms containing 1$H.O, and melting at 234°. Its ammoniacal solu- 
tion yields a precipitate on warming with barium chloride.*2° 


Di(4-carboxyphenyl) arsinic acid (Di-p-benzarsinic acid), 
(HOOC.C,H,),AsO.OH, 


results upon oxidizing di(4-methylpheny1) arsinic acid with four molecular 
proportions of potassium permanganate in a moderately concentrated 
alkaline solution at 50-60°, and neutralizing the filtrate with hydro- 
chloric acid. It crystallizes in lustrous leaflets decomposing at high 
temperatures without melting, is slightly soluble in hot concentrated 
hydrochloric acid or alcohol, practically insoluble in cold or hot water, 
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but dissolves readily in alkalis. Its salts crystallize poorly and con- 
sist of mixtures of neutral and acid salts. Upon heating the mixture 
of silver salts with methyl iodide in a sealed tube at 100°, and re- 
crystallizing from alcohol, the methyl ester, (CH,OOC.C,H,).AsO.OH, 
is obtained in pale yellow crusts, m. p. above 280°.128° 


Calitl 
Phenylarsinoacetic acid, AsO.OH, from phenyldichloro- 


HOOCCH, 


arsine and sodium chloroacetate in alkaline solution, melts at 141-2° 
with decomposition.7*® 
C.H; 


Phenylarsinoacetanilide, AsO.OH, from disodium 


C,.H;NHOCCH, 


phenylarsenite and chloroacetanilide, melts at 182-3° with gas evolu- 
pon? 
C,H: 


Phenylarsinoacetphenetidine, AsO.OH, from 


ve 
CsH,OC,H.NHOCCH, 
disodium phenylarsenite and chloroacetphenetidine, crystallizes from 
alcohol in needles melting at 175° with decomposition.’ 


Phenylarsinoacetyl-p-arsanilic acid, 


C.H; 
AsO.OH, 
H,0,AsC,H,NHOCCH, 
from disodium phenylarsenite and chloroacetyl-p-arsanilate, is a white 


solid insoluble in water or the usual organic solvents, soluble in alkalis, 
and does not melt below 250°.‘ 


Phenylarsino-2-acetylaminobenzorc acid, 
C.H; 
AsO.OH, 
HOOCC,H.NHOCCH, 


similarly prepared from o-chloroacetylaminobenzoate, is purified by boil- 
ing its alkaline solution with animal charcoal, filtering and reprecipi- 
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tating with hydrochloric acid. It melts at 198-200° with decomposi- 
tion.7°° 


(Galak 
B-Phenoxryethylphenylarsinic acid, AsO.OH, pre- 


C.H;OCH.CH: 


pared by heating and stirring 6-phenoxyethyl bromide with disodium 
phenylarsenite for four to six hours, melts at 122-3°.7°° 


G.H > (GABF 


Ethylene diphenyldiarsinic acid, HO.OAs AsO.OH, 
+S 
CH, — CH, 
separates as an oil on heating and stirring ethylene bromide with disodium 
phenylarsenite for four to eight hours. Upon dissolving in dilute 
ammonium hydroxide, filtering and reprecipitating by careful acidifica- 
tion with hydrochloric acid, an oil is obtaimed which gradually solidifies. 
It may be recrystallized from hot water or alcohol and melts at 209-11.7°° 
HN .C.H, 


4-Aminophenylarsinoacetic acid, AsO.OH.—An alkaline 
HOOCCH, 


solution of 4-aminophenylarsineoxide is treated with chloroacetic acid 
and precipitated as the calcium salt, from which the free acid is isolated 
by boiling with dilute aqueous oxalic acid. The reaction proceeds ac- 
cording to the equation: 
H,N.C,H,AsO + CH,ClICOONa + 2NaOH ——> 
HN .C.H, 


AsO.OH + NaCl + H.0O. 


NaOQOCCH, 


The product crystallizes from dilute alcohol in platelets melting at 
162° with gas evolution, readily soluble in water, alkalis, glacial acetic 
or mineral acids, methyl or ethyl alcohol and insoluble in acetone, 
ether or benzene. It exhibits all of the properties of a primary amine: 
it liberates iodine from hydriodic acid, and is decomposed by bromine 
water, yielding tribromoaniline and a primary arsonic acid.125° 


H,N.C,.H, 
4-Aminophenylarsinoacetanilide, AsO.OH, from 


a 
CsH;NHOCCH, 
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disodium-4- Ea eco lateentte and chloroacetanilide, melts at 181-2° 
with decomposition.*7! 


4-Aminophenylarsinoacetphenetidine, 
HN . C.He 


‘AsO.OH, 
C,H,OC,H,NHOCCH, 


similarly prepared from chloroacetphenetidine, melts at 211.5-212.5°.47 


4-Aminophenylarsinoacetyl-p-arsanilic acid, 
HON Ce, 


AsO.OH, 


H,0;AsC.Hs.NHOCCH, 
does not melt below 250°. It is made from sodium chloroacetyl-p- 
arsanilate and disodium 4-aminophenylarsenite.12 


4-Aminophenylarsino-4’-acetylaminobenzoic acid, 
H,N.C.H, 


AsO.OH, 


HOOCC,H,NHOCCH, 


is derived from sodium 4-chloroacetylaminobenzoate like the preceding 
compound. It crystallizes from hot water in needles, m. p. 217° with 


decomposition.1?°° 
CH;CONH.C,.H, 


4-Acetylaminophenylarsinoacetanilide, AsO.OH, 
C.H;NHOCCH, 


is obtained from the corresponding amino derivative by warming with 
a slight excess of acetic anhydride for 15 minutes after the initial re- 
action is over, and diluting with water. It crystallizes from hot water 
in plates, m. p. 205-6° with decomposition.*™ 


4-Acetylaminophenylarsinoacetphenetidine, 
CH,CONH.C,H, 


‘AsO.OH, 


C.H;,OCs,HzNHOOCH, 
similarly prepared, melts at 214-5° with decomposition.*” 
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4-Acetylaminophenylarsinoacetyl-p-arsanilic acid, 
CH,CONH.C,H, 


AsO.OH, 
. H.O,AsC,H,zNHOCCH, 
does not melt below 250°.1*°° 
4-Glycylaminophenylarsinoacetanilide, 
HOOCCH,NH.C,H, 
aN 
AsO.OH, 


C.H;NHOCCH, 


from 4-aminophenylarsinoacetanilide and chloroacetic acid in alkaline 
solution by refluxing for three-four hours, melts at 199° with decomposi- 
tion.*71 


C. Tertiary Derivatives. 


1. Tertiary Arsine Dihalides, Oxyhalides and Cyanohalides—Terti- 
ary arsines readily combine additively with halogens either directly or 
in the presence of anhydrous solvents, forming the corresponding di- 
halides: 

R,As + X, ——> R;AsXe. 


The tribenzylarsine diiodide, however, has been prepared by the action 
of hydriodic acid upon an alcoholic solution of tribenzylarsine oxide. 

The dihalides consist of crystalline solids which are very sensitive 
to the action of moisture, yielding the corresponding hydroxyhalides: 


R;AsX, + H.O —~> R,As(OH)X + HX. 
With alkalis, however, they form either the corresponding arsine oxides 


or dihydroxides: 
R,As(OH). + 2NaX 
re 


yal 
R,AsX, -+ 2NaOH 


N\ 
R,AsO ++ 2NaX ++ H,O 


In many cases they combine with an excess of halogen, yielding the 
corresponding tetrahalides, while with alkyl iodides in a sealed tube 
at 100°, they often form arsonium compounds. Dihalides containing 
one or two aliphatic and two or one aromatic radicals respectively 


PENTAVALENT AROMATIC ARSENICALS 403 


attached to the arsenic, decompose upon heating into an alkylhalide and 
a secondary halogenated arsine: 


RR’,AsX, ——> R’,AsX + RX 
R.R’AsX, ——> RR’/AsX + RX 
(where R = an alkyl and R’ an aryl group). 
The hydroxyhalides are formed: 
1. Upon treating tertiary arsineoxides or dihydroxides with haloid 
acids: 
R,AsO + HX ——> R,As.OH.X 
R,As(OH), + HX — > R,As.OH.X + H.O. 


2. From the corresponding dihalides when treated with water: 
R,AsX, + H,O —— R,As.OH.X + HX. 


The isolation of the dihalide is not essential, as the hydroxyhalides 
are formed directly upon adding halogen to a tertiary arsine in a 
moist solvent. 

3. By the action of moisture upon triaryl cyanohalides: 


CN 
/ 
ReAs =e H,O0 => RAs. OH -X + HON. 
x 


The compounds are crystalline solids generally soluble in water or alco- 
hol. They react with silver nitrate to form silver halides and the 
corresponding triarylarsine hydroxynitrates: 


R,As.OH.X + AgNO, —~> R,As.OH.NO, + AgxX; 


while with picric acid they yield the corresponding hydroxy picrates: 
R,As.OH.X + HO.C,H,(NO,); ——~> R;As.OH.OC,H2(NO2); + HX. 
A hydroxychromate has been obtained by treating triphenylarsine hy- 
droxychloride with potassium chromate. When heated at high tempera- 
tures either under reduced or atmospheric pressure, the hydroxybromides 
are decomposed into various arsenical and non-arsenical compounds, 
the decomposition being analogous to that occurring when trialkyl- 
ammonium hydroxyhalides are heated either alone or with alcoholic 
potash. 

Tertiary arsines, unlike the analogous amines, combine additively 
with cyanogen halides in the complete absence of moisture to form 
the corresponding arsine cyanohalides: 


CN 
R,As + CNX ——> R,As 
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This property, however, may be completely destroyed by introducing 
strongly negative radicals into the nucleus. 

The resulting crystalline products are extremely sensitive to moisture, 
which transforms them into hydroxyhalides, but are decomposed by 
heat only at elevated temperatures. Thus triphenylarsine cyano- 
bromide decomposes upon heating into its components together with 
small amounts of cyanogen bromide, triphenylarsine hydroxybromide 
and an unidentified brown powder containing nitrogen. This decomposi- 
tion is similar to that of the corresponding phosphorus derivative, which 
proceeds according to the equation: 


Br 
Va 
2(CeH;) 3P —— (CN).-+ (C.H;)3P + (CeHs)sPBro. 
CN 


The mixed aliphatic-aromatic arsine cyanobromides, however, yield ‘an 
alkyl bromide and a secondary cyanoarsine: 


CN 
ae 
RR’/R’As => RY RR ATCN 
x 


(where R” = an alkyl radical). If more than one alkyl group is pre- 
sent, the smallest radical is invariably split off in the above reaction. 
The greater stability of the arsine cyanobromides towards heat as 
compared with the corresponding amines is due to the more metallic, 
and therefore more positive, character of the arsenic. . 


Phenyldimethylarsine dichloride, CsH;(CHs)2AsCl., separates upon 
passing chlorine into a cold petroleum ether solution of the correspond- 
ing arsine. It melts at 134° with decomposition.?** 

The corresponding dibromide, prepared by adding bromine to an 
excess of phenyldimethylarsine in petroleum ether, is a white, crystalline, 
slightly hygroscopic compound melting at 128° with violent decom- 
position. With more bromine the above arsine yields the tetrabromide, 
C.H;(CH;).AsBri, dark red crystals melting at 61° and decomposing 
at 160° into phenyldibromoarsine and methyl bromide.** 


The hydroxychloride, CyH;(CHs)>.AsOH.Cl, is obtained as white 
needles, m. p. 163°, upon treating an alcoholic solution of the cor- 
responding arsine dihydroxide with concentrated hydrochloric acid.2 
The hydroxybromide results upon exposing the corresponding cyano- 
bromide to the air, or upon mixing ethereal solutions of phenyldimethyl- 
arsine and cyanogen bromide in the presence of air. It crystallizes from 
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acetone in lustrous needles, m. p. 162°; soluble in water, pyridine, 
nitrobenzene, phenol, methyl or ethyl alcohol, slightly so in benzene, 
toluene or cold acetone and insoluble in ether, ligroin or carbon bi- 
sulfide. It reacts quantitatively with aqueous silver nitrate, yielding 
silver bromide, and with picric acid it forms a hydroxypicrate, 


C.H; (CH;).As(OH) [O AG els (NO.)s], 


which crystallizes from alcohol in needles melting at 132°.12°2 When 
gradually heated up to 178° in an atmosphere of nitrogen at 13-15 mm. 
pressure, the hydroxybromide decomposes into phenyltrimethylarsonium 
bromide, phenylmethylarsinic acid, phenylmethylbromoarsine, and small 
quantities of phenyldimethylarsine, phenyldibromoarsine, methylbro- 
mide, methyl alcohol and water. When heated up to 195° in a nitrogen 
atmosphere at ordinary pressure, the products obtained are phenyltri- 
methylarsonium bromide, phenylmethylbromoarsine, phenyldimethyl- 
arsine, methyl bromide, methyl alcohol, hydrobromic acid, diphenyl- 
bromoarsine and arsenic trioxide.2°* The hydroxyiodide is prepared 
like the corresponding bromine compound, employing cyanogen iodide. 
It crystallizes in yellow needles, m. p. 117°; easily soluble in water, 
alcohol or acetone, sparingly in hot benzene or carbon tetrachloride and 
insoluble in ether or ligroin.1?°4 


Phenyldiethylarsine dichloride, Cs5H;(C.H;).AsCl., is obtained like 
the corresponding dimethyl compound.!?® The dibromide is a white, 
crystalline mass melting at 85° with decomposition, and rapidly de- 
composing at 120° into phenylethylbromoarsine and ethyl bromide,’* 
while the diiodide is a yellow, microcrystalline substance melting at 95° 
and decomposing at 105°. It results upon treating phenyldiethylarsine 
with iodine in petroleum ether solution.*’* 


Phenylmethylethylarsine hydroxybromide, 
(C,H;) (CH;) (C.H;)As.OH.Br, 
is a white, crystalline mass, m. p. 83°, prepared from the correspond- 
ing arsine and cyanogen bromide without the exclusion of atmospheric 


moisture. When treated with picric acid it forms the corresponding 
hydroxypicrate, a light. yellow crystalline powder, m. p. 113.5°.°°° 


Phenylmethyl-n-propylarsine hydroxybromide, 
(CreHe(GH,) (C,H, ) As. OF. Br, 
m. p. 146°, is obtained like the preceding compound. Its hydroxy- 


picrate consists of needles, m. p. 84°.7° 


Diphenylmethylarsine hydroxybromide, (Cree (CH HAG OF cbt, 
crystallizes from acetone in lustrous, refractive crystals, m. p. 118°; 
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readily soluble in water, alcohol or hot acetone, difficultly in carbon 
bisulfide and insoluble in ether or ligroin. The corresponding hydroxy- 
picrate melts at 187°.12°° : 


Phenylbenzylmethylarsine hydroxybromide, 
(G.H,) (C,H; GH?) (GH \AstOR Er 


is a microcrystalline powder melting at 147°. The hydroxypicrate con- 
sists of yellow needles, m. p. 119°.17°" 


Diphenylethylarsine dichloride, (Cy>H;)2(C2H;)AsCl., results upon 
passing chlorine into diphenylethylarsine. It consists of colorless needles, 
m. p. 137°; fumes slightly in air, is easily decomposed by water, yield- 
ing hydrochloric acid, and when heated with ethyl iodide in a sealed 
tube at 100°, forms diphenyldiethylarsonium iodide.1** 


The hydroxybromide, (C,>H;).(C.H;)As.OH.Br, exists as white 
crystals melting at 97.5°. With picric acid it forms a hydroxypicrate, 
lustrous lemon-yellow leaflets, m. p. 116°.?°° 


Phenyl-p-tolylethylarsine dichloride, 
(C,H) (C.H,.CHs) (C.H;) AsCl., 


crystallizes from benzene in white needles, m. p. 148°.5°° 


Triphenylarsine dichloride, (C;H;),AsCl., results from the interaction 
of triphenylarsine and chlorine. When recrystallized from hot benzene 
it separates in colorless plates sintermg at 158°, melting at 204-5°, 
and readily soluble in water or alcohol. It is very unstable in moist 
air, forming the hydroxychloride. At 280° it decomposes into diphenyl- 
chloroarsine and chlorobenzene: 1*°° 


(C.H,;) ,AsCl, ——> (C,.H;),AsCl + C,.H;Cl. 


The dibromide, similarly prepared, forms white crystals sintering 
at 165°, melting at 215°, and is as unstable as the dichloride.%°° The 
dviodide, obtained from triphenylarsine and iodine in petroleum ether 
with the exclusion of atmospheric moisture, is an unstable yellow to 
orange-yellow powder melting at 130-40°. When heated with methyl 
iodide in a sealed tube at 100° for three hours, it forms triphenylmethyl- 
arsonium iodide.** The tetraiodide, (CyH;),AsI,, is obtained in steel- 
blue needles, m. p. 142-4°, by the interaction of iodine and triphenyl- 
arsine in carbon tetrachloride  solution.**** The dibromodtiodide, 
(CoH;),AsBr,.1,, forms yellowish-red needles, m. p. 120-1°, upon add- 
ing the corresponding amounts of bromine and iodine to a chloroform 
solution of triphenylarsine.1°°" 
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The hydroxychloride, (CsH;);As.OH.Cl, may be obtained either 
by treating the dichloride with water, or by passing chlorine into a solu- 
tion of triphenylarsine in commercial chloroform.%°? It exists as 
vitreous crystals, m. p. 171°, easily soluble in water or alcohol. Its 
platinichloride, [(C,H;);As.OH.Cl],PtCl,, consists of yellow needles 
melting at 180-2°. With potassium chromate, it forms a yellowish-red 
precipitate of the hydroxychromate, (C,H;),As.OH(O.CrO;H). The 
hydroxybromide results from the interaction of cyanogen bromide and 
triphenylarsine in commercial ether. It forms lustrous crystals, m. p. 
168°; easily soluble in alcohol, chloroform or hot acetone, difficultly 
in water, or carbon bisulfide, insoluble in ether or ligroin,%°? and de- 
composes upon heating up to 240-50° under diminished pressure,!*°* 
yielding bromobenzene, triphenylarsine, diphenylbromoarsine, hydro- 
bromic acid and water. The hydroxypicrate crystallizes in yellow 


needles melting at 162-3°.19° 
OH 


ae 
Tri(3-methylphenyl) arsine hydroxychloride, (CH,;.C.H,);,As 4 
Cl 


is prepared by treating the tertiary arsine with chlorine in the pres- 
ence of hot water, forming beautiful crystals, m. p. 205°; easily soluble 
in alcohol but insoluble in ether or ligroin.12°° The hydroxybromide, 
resulting from the action of bromine upon a chloroform solution of the 
arsine, separates as rhombic crystals, m. p. 190°, soluble in alcohol.1%” 


(C.Hs) > 
Diphenyl-4-methylphenylarsine dibromide, AsBr., is 
: (GH; 5 (Seley 


derived from the tertiary arsine and bromine in hot glacial acetic acid 


medium.1°°% 
(CH;.C.H,)2 


Phenyldi(4-methylphenyl) arsine dichloride, : AsCl., 
(CoHs) 


forms a hard, transparent mass sintering at 186° and melting at 194°, 
when a chloroform solution of the arsine is saturated with chlorine, the 
excess of the latter removed by a current of carbon dioxide, and the 
solution evaporated in vacuo. Its platinichloride consists of crystals, 


m. p. 201°.15°° 
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(CH; . @AE) 2 OH 
\ 


The hydroxychloride, As , is obtained from the 
Ye OS 

GaHs Cl 

dichloride by the action of atmospheric moisture as a white powder 

soluble in alcohol or hot water, insoluble in ether, and melting at 142-3°. . 


The hydroxybromide is similarly prepared.**"° 


Tri(4-methylphenyl) arsine dichloride, (CH;.C;H,4),;AsCls, is a white, 
crystalline substance, m. p. 228-230°, derived from the tertiary arsine 
and chlorine in chloroform medium.'*'! The dibromide, consisting of 
white crystals, m. p. 245°, is formed from its components in carbon 
tetrachloride containing a little absolute ether.1*'? The diiodide, reddish 
needles, m. p. 172°, is similarly obtained by employing a dilute iodine 
solution. With an excess of iodine, however, the tetraiodide is formed 
as steel gray needles, m. p. 153°.1%!? 


The hydroxychloride consists of white, feathery crystals, m. p. 185°. 
It results on hydrolyzing the dichloride with hot water, and may be 
recrystallized from chloroform or ether.1?'* 


Tribenzylarsine dichloride, (C,H;.CH;),AsCl., is formed along with 
tribenzylarsine and dibenzylarsinetrichloride by the interaction of 
benzyl chloride, arsenic trichloride and sodium in dry ether containing 
a little ethyl acetate. It has not been isolated.s?® The diodide, pre- 
pared by the action of hydriodic acid upon the arsine oxide in alcoholic 
solution, separates as a pale yellow precipitate, m. p. 95°.1°"4 


OH 


The hydroxychloride, (C,.H;,CH:.);As , consists of colorless 
Cl 

crystals, m. p. 162-3°, derived from the arsine oxide by the action of 
dilute hydrochloric acid.'*!* The hydroxybromide is similarly obtained 
as colorless, tabular crystals, melting at 128-9°,1%* while the hydrozry- 
iodide, prepared either by recrystallizing the diiodide from alcohol, or 
by the interaction of tertiary arsine and iodine in commercial ether, 
consists of colorless, tetragonal plates melting at 78°, and decomposing 
very readily with the liberation of hydriodic acid. The hydroxynitrate 
crystallizes in white needles, m. p. 170° with decomposition.23"4 


Tri(4-ethylphenyl) arsine dichloride, (C.H;.CyH,);AsCl,, melts at 
246°, and the dibromide at 212°.8°8 
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Phenyldi(2,4-dimethylphenyl) arsine dichloride, 
(CoH) [ (CH) 2CeHs | 2AsCl,, 
is a very deliquescent substance, m. p. 176°; the tetratodide consists of 


red-violet crystals, m. p. 127°, while the hydroxychloride melts at 
TSG eae e 


Tri(2,5-dimethylphenyl) arsine dichloride, [ (CH;)2CeHs]sAsCl,, has 
been prepared.%** 


Ooo 


Phenyldi(2,4,5-trimethylphenyl) arsine dichloride, 
C.H; 


AsCl., 


eae 
[CsH»(CHs) «]s 
is a crystalline powder, m. p. 217°, precipitated by adding ether to a 
carbon tetrachloride solution of the arsine saturated with chlorine. The 
dibromide is a deliquescent, crystalline solid, while the diiodide con- 
sists of yellowish-red crystals, m. p. 163.5°. 


The hydroxychloride, obtained from the arsine and chlorine in com- 
mercial chloroform, forms transparent crystals, m. p. 173-5°. The 
hydroxybromide, m. p. 177°, and the hydroxytodide, a pale yellow pre- 
cipitate melting at 153°, have also been prepared.1*1" 


Tri(2,4,5-trimethylphenyl) arsine dibromide, | (CH;)sCeH,|],AsBr..— 
A yellow powder, m. p. 224-5°, derived from the tertiary arsine and 
bromine in ligroin. It is insoluble in organic solvents, and may be 
hydrolyzed by water to the hydroxybromide, m. p. 108°.*%18 


Tri(2,4,6-trimethylphenyl) arsine dibromide is prepared like the pre- 
ceding isomer, and crystallizes from alcohol as well-defined rhombic 
crystals, m. p. 237°; readily soluble in chloroform or alcohol, and in- 
soluble in ether.1**® The hydroxychloride consists of white prisms, 
m. p. 100°, obtained on evaporating a solution of the arsine saturated 
with chlorine.®* 


Tri(4-isopropylphenyl) arsine dichloride, | (CH,).CH.C.H4],AsClp,— 
White needles, m. p. 276°, made by passing chlorine into a chloroform 
solution of the arsine. Its platinichloride [ (C)H,,),AsCl, |2PtCl., crystal- 
lizes from hot alcoholic hydrochloric acid in golden-yellow needles. 
The dibromide, needles melting at 142°, is prepared like the dichloride.'**° 


Tri(tertiary-butylphenyl) arsine dichloride, | (CH;);C.Co>H,],AsCh, 
is similarly obtained. If, however, alcohol is added to the chloroform 
solution of the arsine, the hydroxychloride results.*** 
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Tri(4-phenylphenyl) arsine dichloride, (CeH;.CsH:);AsCh, m. p. 
262°, is produced by the interaction of the arsine and chlorine in carbon 
tetrachloride solution. The -dibromide is obtained in the same way, 
and melts at 168°. The hydroxychloride, m. p. 96°, and the hydrory- 
bromide, sintering at 90° and melting at 145°, are similarly prepared, 
employing commercial chloroform as the solvent.**** 


Tri-a-naphthylarsine dibromide, (CiH,),AsBr., separates as a 
dark brown resinous mass, which cannot be purified, upon adding bromine 
to a benzene solution of the arsine. When an excess of bromine is 
added to a chloroform solution of the arsine, the tetrabromide is ob- 
tained as a powder, m. p. 180°, which apparently contains two bromine 
atoms attached to the arsenic and the other two to the naphthalene 
nucleus. The corresponding tetrachloride is a white powder, m. p. 
144° 1322 

The hydroxybromide, pale brown crystals melting at 155°, is formed 
either on adding alcohol to the above impure dibromide or on rendering 
a benzene solution of the arsine turbid with alcohol, clarifying by 
means of a calculated quantity of bromine, concentrating to one-half 
of the volume and allowing to cool.1%?? 


Tri-B-naphthylarsine dibromide is tarry, and cannot be obtained 
pure.®*° 


Tri(3-nitrophenyl) arsine dibromide, (O.N.C,H,);AsBr., results on 
treating a chloroform solution of the arsine with bromine. It is a 
reddish-yellow precipitate, m. p. 204°; easily soluble in glacial acetic 
acid,2#28 


Tri(?-chloro-3-nitrophenyl) arsine dichloride, (OsN.Cl.C,Hs) ,AsCl, 
is deposited as colorless crystals, m. p. 228°, when a chloroform solu- 
tion of tri-(3-nitrophenyl) arsine is allowed to stand in a closed vessel 
in contact with chlorine. It is readily soluble in glacial acetic acid and 
sparingly in chloroform. The chlorine attached to the arsenic may be 
removed by treatment with silver nitrate in glacial acetic acid solu- 
tion. The dibromide is a yellow substance melting at 209° and soluble 
in glacial acetic acid. It is formed from  tri(chloro-3-nitropheny]) 
arsine and bromine in chloroform solution.'®?# 


Trv(?-chloro-3-nitro-4-methylphenyl) arsine dichloride, 
(O,N,.Cl.CH,.C3H.),AsCls, 
precipitates on passing chlorine into a chloroform solution of tri(3-nitro- 
4-methylphenyl) arsine, and may be recrystallized from aleohol-chloro- 


form. It melts at 170°, is easily soluble in alcohol but sparingly in 
chloroform.**? 
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(HOOC.C,H,) 
4-Carboryphenyldiethylarsine dichloride, AsCl,, as 


VA 

(C.H;)2 
well as the dibromide and diiodide are prepared from the corre- 
sponding arsine and the respective halogen in chloroform medium. By 
evaporating off the solvent they may be obtained in the form of crystals 
which are readily converted by moisture into the corresponding hydroxy- 
halides. The latter may be obtained pure by recrystallizing from 
alcohol.18?5 


4-Carboxyphenyldiethylarsine hydroxychloride, 
(HOOC.C,.H,) OH 
eA 


As 
YN 
(C,H) » Cl 

may also be produced by shaking 4-methylphenyldiethylarsine with 
aqueous potassium permanganate, at first in the cold and finally at 
30-40°. The arsine is first oxidized to the oxide, and the methyl group 
then converted into a carboxyl. After completely decolorizing the liquid 
with a few drops of alcohol and filtering off the manganese dioxide, the 
filtrate is acidified with hydrochloric acid and the solution evaporated 
to dryness. Upon extracting the residue with alcohol and evaporating 
the extract, a thick syrup remains which upon cooling solidifies to a 
erystalline mass. This may be purified by dissolving in absolute alcohol 
and reprecipitating with anhydrous ether, forming small, white crystals, 
m. p. 162°, soluble in water or alcohol and insoluble in ether. With 
mercuric chloride in concentrated aqueous solution it forms a crystalline 
double salt, [(HOOC.C,.H,) (C.H;).As.OH.Cl]HgCl,, which is readily 
soluble in hot alcohol, difficultly so in water, and melts at 182°. On 
passing hydrogen sulfide into an aqueous solution of the hydroxychloride, 

(CH): 


the corresponding arsinesulfide, AsS, m. p. 184°, precipi- 


HOOC.C,H, 
tates.122> The hydroxybromide crystallizes in white needles, m. p. 
144-5°, and the hydroxyiodide as brown leaflets, m. p. 84°.*%?° 


Ethyl ester of 4-carboxytriphenylarsine dichloride, 
(CoH5) > 


AsCl,, 
via 
C.H;,OOC.C,H, 
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results on saturating an alcoholic solution of the corresponding arsine 
oxide with hydrogen chloride and evaporating. Beautiful, white crys- 
Coles De loowe ce 


Diethyl ester of 4,4’-dicarboxytriphenylarsinedichloride, 
(C.Hs) 
AsCl., 
VA 
(C,H,OOC.C.H,) > 


is similarly prepared from the arsine oxide and hydrogen chloride. The 
greater portion of the alcohol is distilled off, and the residue allowed to 
evaporate in a desiccator. It crystallizes from alcohol as warty aggre- 
gates of needles, m. p. 176°, having a pungent, but not a disagreeable 
odor.*= 


Ethyl ester of 4-carbory-4’-methyltriphenylarsine dichloride, 
CoH; 


aX 
CH,.C,H,— AsCl,, 
C,H,OOC. C,H, 


which is made like the preceding esters, melts at 94°, is soluble in alcohol 
and very hygroscopic.*** 
(CHs)» 


; N 
Phenyldimethylarsine cyanobromide, As.Br.CN, is produced 
(C.Hs) 


by the interaction of the tertiary arsine and cyanogen bromide in ligroin 
solution in the complete absence of moisture. It is a white, micro- 
crystalline powder melting at 94-6° with decomposition, and decompos- 
ing very quickly in the air with the formation of the corresponding 
hydroxybromide. On heating to 140° the compound breaks up into 
methyl bromide, phenyltrimethylarsonium bromide and phenylmethyl- 
eyanoarsine.'*** 1°" The cyanotodide is similarly obtained from 
cyanogen iodide, employing ether as a solvent. It exists as a yellow, 
finely crystalline powder, m. p. 93°, which is converted into the hydroxy- 
iodide, m. p. 117°, on exposure to air.12° 

Upon attempting to isolate phenylmethylethylarsine cyanobromide 
and phenylmethyl-n-propylarsine cyanobromide, immediate decomposi- 
tion occurs, yielding methyl bromide and the respective cyano- 
arsines,152° 
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(CH) CN 


t 
i 


Diphenylmethylarsine cyanobromide, As ——From di- 


eS 
(CoHs) 0 Br 
phenylmethylarsine and cyanogen bromide in the usual manner. The 
product is a white, extremely light crystalline powder, m. p. 61-2°, which 
on exposure to air melts and then resolidifies to form the hydroxy- 
bromide. On heating the cyanobromide up to 100° it splits into methyl 
bromide and diphenyleyanoarsine.!2°% 13°8 


(CeHs)s 
Diphenylethylarsine cyanobromide, As.CN.Br, is made in 


C,H; 
the same general way, and exists as a white solid melting at 75° and 
unstable toward moisture. On gradually heating to about 140°, it splits 
into ethylbromide and diphenylcyanoarsine.1*®° 


CN 
Triphenylarsine cyanobromide, (CsH;),As , prepared as above, is 


’ Br 


a white crystalline substance which begins to sinter at 120° and melts 
indefinitely at 130-40°. Moisture converts it into the corresponding 
hydroxybromide, while heating gradually to 175° breaks it up into a 
small quantity of cyanogen bromide, cyanogen, triphenylarsine, tri- 
phenylarsine hydroxybromide and an insoluble brown unidentified 
powder.13%1 
2. Triarylarsine Dihydroxides and Oxides, RzAs(OH), and R,AsO.— 

The corresponding arsine dihalides or hydroxyhalides readily exchange 
their halogens for hydroxyls when treated with water, caustic alkalis or 
ammonia: 

R;Asx, + 2NaOH —— R;As(OH). + 2NaX 

R,As.0OH.X + NaOH —— R,;As(OH). + Nax. 
It is, however, unnecessary to isolate the above halogenated compounds, 
as treating a tertiary arsine successively with halogens and alkali gives 
the same results. The hydroxyhalides yield the same products on treat- 
ment with moist silver oxide: 

R,As.OH.X + AgOH —— R,As(OH). + Agx. 
The arsineoxides may be obtained in many cases from arsine dihalides 
or hydroxyhalides and alkalis; by dehydrating dihydroxides: 


R,As(OH), —> R-AsO + H,0; 
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or by combining tertiary arsines with sulfur monochloride, and decom- 
posing the resulting addition products with water: 
Cl 


3.Cl, We : 
Regis RA. OES Co neoiiele =<) 


jprere Gill 


The unsubstituted dihydroxides and arsineoxides are, as a rule, white 
or colorless crystalline solids soluble in alcohol and either sparingly 
so or entirely insoluble in water. They possess basic properties, form- 
ing hydroxy salts with acids such as nitric or picric. In many cases 
the oxides yield the corresponding sulfides with hydrogen sulfide, while 
with nascent hydrogen tertiary arsines result. 

Tri(nitroaryl) arsine oxides are obtained from tertiary arsines by 
the action of a nitric-sulfuric acid mixture, nitration and oxidation 
occurring at the same time. A tri(aminophenyl)arsine oxide has been 
obtained directly from aniline and arsenic trichloride, and a tri(sulfo- 
phenyl) arsine oxide from triphenylarsine and concentrated sulfuric acid, 
the latter acting both as a sulfonating and oxidizing agent. Carboxyl- 
ated triarylarsine oxides or dihydroxides result upon oxidizing tertiary 
arsines containing nuclear alkyl groups with either potassium perman- 
ganate at 50-60° for several weeks or, more rapidly, with nitric acid in 
a sealed tube. The latter compounds, generally crystalline, are sparingly 
soluble in water, more readily soluble in alcohol, and form water-soluble 
salts with alkalis. 

CAs IF 


\ 
Phenyldimethylarsine dihydroxide, As(OH).2, is a very 
(CHs) 2 


hygroscopic substance resulting on treating an aqueous solution of the 
hydroxybromide with freshly precipitated silver oxide. With alcoholic 
picric acid it yields the corresponding hydroxypicrate.t?%! 


C.H; 
Phenyl-a-naphthylmethylarsine oxide, eo ee AsO.—The corre- 
CH, 


sponding tertiary arsine and bromine are allowed to react in chloroform 
at low temperature, the resulting solution shaken with a slight excess of 
aqueous caustic soda, and the chloroform layer removed and evaporated 
to dryness. The product crystallizes from toluene as colorless, well- 
defined prisms, m. p. 175°.5°* 
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Triphenylarsine dihydroxide, (CsH;),As(OH)., is derived from its 
dichloride by boiling with water or dilute ammonia; 1%? from the hy- 
droxychloride by treatment with ammonia; '** or from the dibromide by 
boiling with concentrated aqueous caustic soda.1%** Another method con- 
sists in refluxing a carbon bisulfide solution of the arsine with sulfur 
monochloride on a water-bath for one hour, evaporating off the solvent, 
boiling the residue with water, concentrating the turbid filtrate, and 
precipitating with ammonia.*?? The compound forms colorless plates, 
white needles or hexagonal prisms, m. p. 115-6°; soluble in water or 
alcohol, difficultly in ether. Nascent hydrogen reduces it to the arsine. 
On treating its dilute aqueous solution with nitric acid, the hydroxy 
nitrate, (C>H;);As(OH) NOs, is obtained as long, lustrous needles, m. p. 
160-1° (M.), while on dissolving the dihydroxide or oxide in concen- 
trated nitric acid and evaporating to dryness on a water-bath, the 
nitrate, (CeH;),As(NOs;)>, 1s obtained in the form of radiating aggre- 
gates readily affected by atmospheric moisture, and melting at 99-100°. 

The corresponding oxide,(C,H;);AsO, is formed from the dihydroxide 
either by allowing it to stand over sulfuric acid; by heating at 105- 
10° ; +8°4 or by keeping it in vacuo for two hours.” It melts at 189°, 
and forms a yellow amorphous molybdate upon dissolving in boiling 
dilute aqueous sodium molybdate and acidifying with hydrochloric 
acid ?*** 


Tri(3-methylphenyl) arsine oxide, (CH,.CeH,);AsO, is a white, crys- 
talline mass, m. p. 170°; easily soluble in alcohol, though sparingly so 
inether. It is produced by warming the arsine with an excess of bromine 
under water, and subsequently boilimg with sodium hydroxide solution 
until decolorization occurs.**°* 


(CeHs )ic 
Diphenyl-4-methylphenylarsine dihydroaide, As(OH)z, is 
(C,H,) 


derived from the dibromide by boiling with an excess of aqueous caustic 
potash. When crystallized from a benzene-ether solution, it melts at 
68°, and is easily soluble in alcohol. Warming with dilute nitric acid 
produces the hydroxynitrate, white needles from alcohol-ether, m. p. 
125° 1308 

(CoH) 


Phenyldi(4-methylphenyl) arsine oxide, AsO.—From_ the 
U 
(C;H;) >» 


corresponding halides by means of alkali. It is a white powder, m. p. 
81°, which on warming with dilute nitric acid yields the hydroxynitrate, 
rosets of intertwined needles, m. p. 94°.1°'° 
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Tri(4-methylphenyl) arsine dihydroxide, (CH;,.C.-H.),As(OH)>», flat- 
tened crystals melting at 96°, results upon adding aqueous alkali to the 
corresponding dichloride or hydroxychloride.**'? 


Tribenzylarsine oxide, (Cs;H;.CH.),AsO, is obtained by the action 
of caustic soda upon the hydroxychloride.1#*° Recrystallized from dilute 
alcohol, it forms colorless, highly refractive prisms, m. p. 219-20°; 
readily soluble in alcohol or glacial acetic acid, less so in hot water and 
sparingly in cold water, ether or benzene. With the haloid acids, as 
well as with nitric acid, it forms hydroxy salts readily soluble in alcohol 
but practically insoluble in water or ether. The oxide is reduced to the 
arsine by means of zinc and glacial acetic acid containing concentrated 
hydrochloric acid, the reduction being best carried out at 50-60°. Boil- 
ing with red phosphorus and hydriodic acid converts it into tetrabenzyl- 
arsonium iodide. 


Tri(4-ethylphenyl) arsine dihydroxide, (C.H;.CgHs);As(OH)>,, melts 
Bin IOS a 


Phenyldt(2,4-dimethylphenyl) arsine dihydroxide, 
C.H; 


\ 
As(OH)>, 


VA 
| (CH s) 2CeHs]2 
is obtained by the action of alkalis upon the corresponding halides, and 
melts at 112°. When heated it loses a molecule of water and is con- 
verted into the arsine oxide, m. p. 120°. Both the oxide and dihydroxide, 
when boiled with dilute nitric acid, yield a basic nitrate, 
©.H,;(CsH,),As.OH.NO,, 


consisting of transparent crystals, m. p. 126°.2887 


Tri(2,4-dimethylphenyl) arsine dihydroxide, [ (CH;)2CsH,],As(OH)., 
results from the interaction of the dibromide and alkali. On warming 
at 100° it loses water, yielding colorless crystals of the arsine oxide.13"8 


Phenyldi(2,4,5-trimethylphenyl) arsine dihydroxide, 
[(CHs) sCeHe]» 
NS 
As(OH)., 
C,H; 


is prepared by adding a slight excess of alcoholic potash to an alcoholic 
solution of any of the corresponding halides, saturating with carbon 
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dioxide, filtermg and evaporating the filtrate to dryness on a water-bath. 
On extracting the residue with alcohol and removing the solvent, the 
arsine dihydroxide crystallizes out in transparent, colorless prisms, m. p. 
113-4°. When dehydrated either by prolonged standing in an evacuated 
desiccator or, more rapidly, by heating at 100°, it is converted into the 
corresponding arsine oxide, m. p. 162.5°, which is soluble in alcohol or 
benzene but sparingly so in ether.2°*° 


Tri(2,4,5-trimethylphenyl) arsine dihydrozxide, 
[ (CH) sCeHy] sAs(OH) 2) : 


is made by hydrolyzing the corresponding dibromide or hydroxybromide 
with alcoholic potash, and crystallizes from dilute alcohol with four 
molecules of water. It effloresces in the air or, better, over sulfuric acid, 
while at 120° it is converted into the corresponding arsine ovide, m. p. 
227-8° 1340 


Tri(2,4,6-trimethylphenyl) arsine oxide is prepared from its halogen 
derivatives by the action of alcoholic potash. It is a white, crystalline 
powder, m. p. 203-4°.19# 


Tri(4-tsopropylphenyl) arsine oxide, [(CH;).CH.C,H,],AsO, forms 
white needles, m. p. 129°, which on warming with dilute nitric acid 
yield a hydroxynitrate, colorless crystals, m. p. 147°; easily soluble in 
hot water or alcohol.1%*° 


Tri(tertiary-butylphenyl) arsine oxide, [(CH;);C.CeH,],;AsO, m. p. 
above 360°, consists of a white, crystalline powder produced by treating 
the dichloride with water.*** 


Tri(4-phenylphenyl) arsine oxide, (CsH;.CeH,),;AsO, from the cor- 
responding dihalides and ammonia, melts at 264°.1%* 


Tri-a-naphthylarsine dihydrowide, (C.oH;),As(OH)», is formed by 
adding alcoholic potash to the dibromide or hydroxybromide and pre- 
cipitating with water,!*** or by warming a carbon bisulfide solution of 
the arsine with sulfur monochloride, concentrating the solution, filtering 
and warming with dilute caustic potash.*** The compound, m. p. above 
300°, crystallizes from alcohol with two molecules of water as colorless 
needles. Drying the dihydroxide at 110° or boiling the hydroxybromide 
with water yields the corresponding arsine oxide, while hydrogen sulfide 
reduces the dihydroxide to the corresponding tertiary arsine. 


Tri-B-naphthylarsine oxide, obtained by treating the impure tarry 
dibromide with alcoholic potash, crystallizes from alcoholic benzene in 
anhydrous needles.**** 
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CH 
maa he . 
Tricamphorylarsine dihydroxide, rae sAs(OH),.,is obtained 
CO 


as a by-product in the preparation of dicamphorylarsinic acid by con- 
densing sodium camphor and arsenic trichloride in dry toluene. The 
reaction product is extracted with aqueous caustic soda, neutralized 
with mineral acid, and the resulting precipitate extracted with benzene, 
the insoluble residue consisting of the secondary acid. From the benzene 
extract more of the latter separates. The mother-liquor is then evapo- 
rated to dryness, the residue dissolved in dilute sodium hydroxide, boiled 
with charcoal, and the filtrate concentrated to crystallization. The 
crystals, consisting of sodium dicamphorylarsinate, are then removed, 
the filtrate acidified, and the viscid precipitate again treated with ben- 
zene and sodium hydroxide to remove the last traces of the secondary 
acid. The final precipitate is a brown, uncrystallizable solid softening 
at 110°, melting indefinitely at 130°, and easily soluble in benzene, 
alcohol or acetic acid. Its sodium salt is very soluble, while the silver 
salt is a grayish-white precipitate. When the dihydroxide is heated 
with an excess of aqueous caustic soda at 130-40° it decomposes into 
camphor and arsenic acid.1**® 


Tri(3-mtrophenyl) arsine oxide, (O.N.Cs>H,);AsO, is prepared by 
introducing into a well-cooled mixture of fuming nitric and concentrated 
sulfuric acids either triphenylarsine,**! or its dihydroxide.t*#® In the 
latter case the red, tarry matter, which is simultaneously formed, is 
removed by boiling alcohol, and the arsine oxide purified by recrystal- 
lization from hot glacial acetic acid. When pure it consists of colorless 
crystals, m. p. 254°; easily soluble in glacial acetic acid, insoluble in 
alcohol or ether, and exploding when strongly heated. 


Tri(4-nitrophenyl) arsine oxide or dihydroxide, obtained by treating 
a solution of sodium di(4-nitrophenyl) arsenite with sodium 4-nitroiso- 
diazobenzene at 75-80°, exists as brown crystals soluble in glacial acetic 
acid or alkali, insoluble in water, aleohol or aqueous sodium carbonate, 
and intumescing on heating.7* 


O.N 


eee s 
T'ri(3-nitro-4-methylphenyl) arsine oxide, Cos. )sAsO sans 


made by introducing tri(4-methylphenyl)arsine into a cooled mixture 
of fuming nitric and concentrated sulfuric acids, and crystallizes from 
alcohol in yellow, highly refractive, monoclinic prisms, m. p. 212°; 
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easily soluble in glacial acetic acid or hot alcohol, sparingly in cold 
alcohol and insoluble in ether. If, however, fuming sulfuric acid is 
used and the mixture kept warm, the product obtained is a nitrate, 
[(O.N) (CH;)C.H;];As(NOs)., which crystallizes from glacial acetic 
acid in practically white crystals melting at 265°, and almost insoluble 
in alcohol. By heating with aqueous caustic potash it is converted into 
the corresponding oxide.1#*7 


O.N 
Tri (3-nitro-4-ethylphenyl) arsine oxide, C.eH, |,AsO, melts 
Oxlsl: 
Eiveco2. * 
Trinitro-phenyldi(2,4-dimethylphenyl) arsine oxide, 
[(O.N) (CHs) 2CeH»]» 
\ 
AsO, 


O.N.C,.Hz 
results upon nitrating phenyldi(2,4-dimethylpheny]) arsine, and separates 
from alcohol as pale yellow crystals, m. p. 245°.1897 
Trimtro-phenyldi(2,4,5-trimethylphenyl) arsine oxide, 
O.N 


~ 
(O.N. CoH) CoH |,As0, 
Mf 


(CHa) s 


similarly prepared, crystallizes from alcohol in pale yellow crusts, m. p. 


163° 1848 
O.N 


Tri(3-nitro-4-isopropylphenyl) arsine oxide, C,H; |,AsO, 


(CH;),CH 
yellowish-white needles from hot alcohol, melts at 245° with decom- 
position.194° 


Tri(?-chloro-3-nitrophenyl)arsine oxide, (O.N.Cl.CsH;);AsO.— 
From the corresponding dichloride by treatment with concentrated 
caustic potash solution. It is a white, crystalline mass, m. p. 257°; 
difficultly soluble in alcohol.***° 


Tri(?-aminophenyl) arsine oxide, (H,N.C.H.),AsO.—A mixture of 
arsenic trichloride and aniline in either dry benzene or toluene solution 
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is boiled for 50 hours and allowed to stand for three to eight weeks 
out of contact with atmospheric moisture, when the reaction product 
is rendered alkaline with sodium carbonate, and the excess aniline 
removed by distillation with steam. The hard, resinous residue upon 
repeated crystallization from benzene first yields an unidentified crystal- 
line compound, m. p. 189°, the tri(aminophenyl)arsine oxide being ob- 
tained from the benzene mother liquors by concentrating and purifying 
through the hydrochloride. It is an amorphous, hygroscopic mass decom- 
posing indefinitely at 108°. Its trihydrochloride is very soluble in water, 
and is precipitated as a gray, amorphous mass by passing hydrogen 
chloride into a benzene solution of the base. The platinichloride, 
2(NH..4C,H,),AsO.3H.PtCl,, is an amorphous, yellow substance spar- 
ingly soluble in water but insoluble in hydrochloric acid. The triacetyl- 
and tribenzoylamino derivatives melt at 140-50° and 130-40° re- 
spectively.1952 


Tri(4-dimethylaminophenyl) arsine dihydroaide, 
[(CH,),.N.C,H,],As(OH).. 


A carbon bisulfide solution of the corresponding arsine is refluxed with 
sulfur monochloride for one hour, the intermediate product filtered off, 
dissolved in hydrochloric acid to remove the sulfur, and the dihydroxide 
precipitated from the filtrate by means of aqueous caustic potash. Re- 
crystallized from ethyl acetate, it forms cubes, m. p. 257°; insoluble in 
water, very difficultly soluble in benzene, ether or carbon bisulfide and 
difficultly in methyl or ethyl! alcohol. 

The corresponding arsine oxide results on drying the preceding 
dihydroxide in vacuo at 100° to constant weight and then recrystalliz- 
ing from alcohol. It consists of white crystals, m. p. 277°; easily soluble 
in methyl or ethyl alcohol, difficultly in ethyl acetate, very difficultly in 
ether or benzene and insoluble in water.1*°? 


Tri(?-sulfophenyl) arsine oxide, (HO S.C yH,);AsO—Triphenylarsine 
is first converted into its dihydroxide by heating on a water-bath with 
concentrated sulfuric acid and precipitating with aqueous caustic potash, 
and then sulfonated by further heating with concentrated sulfuric acid 
to the boiling point of the latter. The compound is isolated as the 
barium salt, a white, crystalline powder easily soluble in water.1**3 


4-Carboxryphenyldiphenylarsine oxide, | Diphenyl-p-benzarsonic acid}, 
(C,H) 
AsO, 
HOOC.C.H, 
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is derived from diphenyl-4-methylphenylarsine either by heating with 
nitric acid (d, 1.2) in a sealed tube, or by oxidation with potassium 
permanganate for 4-5 weeks at 60°. It crystallizes from aleohol in 
crusts, m. p. 253-4°; easily soluble in alcohol, alkalis or excess of mineral 
acids but insoluble in water or ether. With hydrogen sulfide in alcoholic 
solution it yields the corresponding arsine sulfide, while with hydrogen 
chloride in the same solvent it forms the ethyl ester of 4-carboxytri- 
phenylarsine dichloride. 

The silver salt, a pulverulent precipitate sensitive to light, is pre- 
pared by treating an aqueous suspension of the acid with moist silver 
oxide and concentrating the filtrate. The acid barium salt is a white 
powder easily soluble in water.1*** 


4-Carboxy-4’-methyltriphenylarsine oxide |{Phenyl-p-tolyl-p-benzar- 
C,H; 


sonic acid], C,H, — AsO.—When __ phenyldi(4-methylpheny])- 
HOOC.C,H, 


arsine is oxidized with potassium permanganate at 50-60° for three 
weeks, it yields a mixture of the mono- and dicarboxylic acids, which 
are separated by means of cold absolute alcohol, the monocarboxylic 
acid alone dissolving. The latter is insoluble in water, ether or benzene, 
and does not melt below 300°. Its silver salt forms needles which turn 
brown on exposure to air.1%° 


4,4’-Dicarboxytriphenylarsine oxide |Phenyldi-p-benzarsonic acid], 
C.H; 


AsO. 
A 
(HOOC.C,H,). 


A suspension of phenyldi(4-methylphenyl) arsine in water containing 
caustic potash is allowed to react with potassium permanganate for 
eight weeks at 50-60°, the whole being shaken vigorously from time to 
time. The desired product is isolated by filtering the reaction-mixture, 
concentrating the filtrate, and finally precipitating with hydrochloric 
acid. The compound crystallizes from hot glacial acetic acid as a white, 
crystalline powder soluble in hot alcohol or alkalis, insoluble in water, 
ether or chloroform, and remaining unmelted below 300°. It is a dibasic 
acid, forming a white, microcrystalline silver salt, a blue, pulverulent 
copper salt which loses its one molecule of water of crystallization at 
105°, and an acid barium salt consisting of white crystals easily soluble 
in water.**°6 
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C.H; 
Bis (carboxytolyl) phenylarsine oxide, | AsO, is 
[HOOC.C,.H;(CHs) ]2 


a dibasic compound formed on heating phenyldi(2,4-dimethylpheny]) - 
arsine with a calculated amount of nitric acid (d, 1.2) in a-sealed tube 
at 110-70°. It crystallizes from alcohol as a pale yellow powder, m. p. 
196°; sparingly soluble in water.*** 

C.H; 


Bis(carboxyxylyl) phenylarsine oxide, AsO, 


VA 
[HOOC.C,H:; (CH;)2]. 


is derived from phenyldi(2,4,5-trimethylphenyl) arsine (2 g.) and 4.7 g. 
of nitric acid (d, 1.2) by heating in a sealed tube for 12 hours at 
120-80°, and is purified by repeatedly dissolving in ammonia and repre- 
cipitating with hydrochloric acid. It erystallizes from hot dilute alcohol 
as a pale yellow powder, m. p. 199°; insoluble in water, ether or ben- 
gene, ?°2 


Tri(4-carboryphenyl) arsine dihydroxide, |Tri-p-benzarsonic acid}, 
(HOOC.C,H,);As(OH)., is prepared by oxidizing tri(4-methylpheny])- 
arsine with alkaline potassium permanganate, and may be recrystallized 
from ether in granular crystals somewhat soluble in water or hydro- 
chloric acid. When heated it loses water without melting. Its alkali 
and alkal earth salts indicate that the acid is tribasic, the silver salt 
alone containing four atoms of the metallic element. The potassium 
salt forms crystalline crusts easily soluble in water; the calcium deriva- 
tive is a flocculent precipitate containing 1-2 molecules of water, while 
the silver salt appears to have the formula, 


(AgOOC. C.Hy),As.OH.OAg ss 


2,4,2’,4’-Tetracarboxytriphenylarsine oxide, AsO, 


[ (HOOC).C.Hs] ‘a 


is a tetrabasic acid obtained upon oxidizing phenyldi(2,4-dimethyl- 
phenyl)arsine with the caleulated amount of nitric acid (d, 1.2) in a 
sealed tube at 110-70°. Recerystallized from aleohol it melts at 213°, 
and is fairly easily soluble in hot water or alcohol.®?8 
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Bis (dicarboxytolyl) phenylarsine oxide, 
C,H; 


AsO, 


[(HOOC) .CH(CH,) 157 


m. p. 213°, is made like the corresponding dicarboxytetramethyl deriva- 

tive, using twice the amount of nitric acid.1957 : 

C.H; 

Bis (tricarboxyphenyl) phenylarsine oxide, AsO, is pre- 
[ (HOOC) ;C.He]. 


pared like the preceding compound employing the proper quantity of 
nitric acid and heating for 13 hours at 110-50°. It crystallizes from 
dilute alcohol as hard, white crystals, m. p. 275°. The composition of 
the silver salt and the ethyl ester suggest the existence of an anhydride 
having the formula, 


Cries C,H, 
vA \ 
OAs — C,H. (COOH), (HOOC),C.H. — AsO. 
aS (COOH), (HOOC),. J 

VA Via 
C,H. C,H: 
ore) O OC 


The silver salt, a white powder sensitive to light, is obtained by the 
addition of silver nitrate to a solution of the ammonium salt, while 
the ethyl ester, silky needles, m. p. 193°, results on saturating an alco- 
holic solution of the acid with hydrogen chloride, allowing to evaporate 
in vacuo and finally recrystallizing from hot alcohol. The ester contains 
no chlorine and is soluble in dilute alkali only on prolonged warming.1*°® 


3. Triarylarsine Sulfides—The addition of sulfur and triaryl arsines 
may be readily effected either in the presence of a suitable solvent such 
as carbon bisulfide, or by fusion. The same products are obtained from 
the above arsines either by treatment with yellow ammonium sulfide 
in alcoholic solution, or by first combining with sulfur monochloride, and 
then decomposing the addition products with hydrogen sulfide: 


Cl 


va HS 
Ree. Cle Ss" Ry As ~> R,AsS + 2HCI + 8.. 


»~ 
S.8.Cl 
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They also result upon boiling triarylarsine dihalides with yellow am- 
monium sulfide, or when hydrogen sulfide acts upon alcoholic solutions 
of triarylarsine dihalides, hydroxyhalides, dihydroxides or oxides. 

The products are crystalline sdlids generally soluble in hot, but less 
so in cold alcohol and insoluble in alkali sulfides. The nuclear sub- 
stituted compounds also possess properties characteristic of the particular 
substituents present. 


Triphenylarsine sulfide, (CsH;);AsS, is made by boiling the dichloride 
with yellow ammonium sulfide; by prolonged boiling of the arsine and 
sulfur in carbon bisulfide solution, or by fusing triphenylarsine with 
sulfur.t3°° A very efficient method of preparation consists in passing 
hydrogen sulfide through an alcoholic solution of triphenylarsine di- 
hydroxide,'*** while the same product results on refluxing a carbon 
bisulfide solution of the arsine with sulfur monochloride on a water- 
bath for one hour, introducing hydrogen sulfide until fumes of hydrogen 
chloride are no longer evolved, and evaporating off the solvent.*°* In 
each case the crude product is recrystallized from hot alcohol, form- 
ing lustrous needles, m. p. 162°; difficultly soluble in cold alcohol and 
insoluble in water, acids, ether or alkali sulfides. 


Tri(3-methylphenyl) arsine sulfide, (CH;.C,H,),As8, silvery needles, 
m. p. 186°, is obtained like the para isomer, avoiding an excess of 
sulfur. ** 


Diphenyl-4-methylphenylarsine sulfide, (CgH;).(CH,.C,H,) Ass, re- 
sults on passing hydrogen sulfide through an alcoholic solution of the 
dihydroxide. It separates from alcohol as white, granular crystals, 
map.isa> 28 


Phenyldi(4-methylphenyl) arsine sulfide, CsH; (CH ;.CsH,).As8, m. p. 
144°, is similarly produced from the corresponding arsine oxide.'*** 


Tri(4-methylphenyl) arsine sulfide, (C;H;),;AsS, may be obtained by 
saturating an aqueous solution of the hydroxychloride with hydrogen 
sulfide, or by warming the tertiary arsine with sulfur in carbon bisulfide 
solution. It crystallizes from dilute alcohol as lustrous leaflets, m. p. 
D7O=15 288 


Tribenzylarsine sulfide, (CsH;.CH.),AsS8.—From the arsine oxide 
by passing hydrogen sulfide into its alcoholic solution, or by warming 
the components together in glacial acetic acid. It crystallizes in color- 
less, transparent, rhombic prisms, m. p. 212-14°; sparingly soluble in 
hot chloroform or glacial acetic acid and insoluble in alcohol, ether, 
benzene, carbon disulfide or acetone.'**+ 
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Tri(4-ethylphenyl) arsine sulfide, (C.H;.CeH,),AsS, melts at 123°.83 
Phenyldi(2,4-dimethylphenyl) arsine sulfide, C>H,[ (CHs) oCeH,].Ass, 
can only be obtained with difficulty.*?9 


Tri(2,4-dimethylphenyl) arsine sulfide, [(CHs),CeH,],As8, silky 
prisms melting at 145°, is made by the interaction of its components.12%8 
Phenyldi(2,4,5-trimethylphenyl) arsine sulfide, 


C.H,[ (CH,),C.H.].As8, 


is prepared by heating the arsine with alcoholic yellow ammonium 
sulfide in a sealed tube at 110°. From alcohol or alcohol-ether mixture 
it crystallizes as transparent crystals, m. p. 135°.1°48 


Tri(4-1sopropylphenyl) arsine sulfide, [(CH,),.CH.C,H,],AsS, from 
the corresponding arsine oxide by passing hydrogen sulfide through its 
alcoholic solution, separates from hot alcohol as white crystals, m. p. 
TAO Aes? 


Tri(4-phenylphenyl) arsine sulfide, (CsH;.CeH.);As8, melts at 228°, 
and is prepared by passing hydrogen sulfide through an alcoholic solu- 
tion of the corresponding arsine oxide, dihalide or hydroxyhalide. It 
may be recrystallized from benzene.1**? 


Tri-a-naphthylarsine sulfide, (C,)H,;);AsS8.—Tri-a-naphthylarsine in 
carbon bisulfide solution is warmed on a water-bath with sulfur mono- 
chloride, treated with ammonium pentasulfide, and again warmed for 
some time. After filtering off the unchanged pentasulfide, the desired 
compound is obtained by concentrating the filtrate. It crystallizes 
from alcohol in small, white plates, m. p. 285°; easily soluble in 
chloroform or ethyl acetate, difficultly in benzene or carbon bisulfide 
and insoluble in water.1*° 


Tri-B-naphthylarsine sulfide is prepared by passing hydrogen sulfide 
through a dilute alcoholic solution of the dibromide, forming well-de- 
fined tablets, m. p. 162°; readily soluble in benzene or carbon bisulfide 
but sparingly in ether or alcohol. By refluxing its benzene solution with 
mercury the sulfur is removed, mercuric sulfide and the free arsine 
being obtained.**** 


Tri(3-amino-4-methylphenyl) arsine sulfide, (H.N.C,;.H;CH;) ,AsS.— 
An alcoholic solution of the tertiary amino arsine is saturated first with 
ammonia, then with hydrogen sulfide, and finally refluxed for some time. 
Upon standing the sulfide settles out together with sulfur, and is 
purified by treating with hot alcohol and carbon bisulfide. The com- 
pound is soluble in most dilute acids but insoluble in all organic sol- 
vents. With dilute sulfuric acid the acid sulfate, 
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2(NH,.C,H;.CH,),AsS$.3H,80., 


is obtained as a white precipitate easily»soluble in hot dilute hydro- 
chloric acid but insoluble in water.*°° 


Tri(4-dimethylaminophenyl) arsine sulfide, [ (CH3).N.CeH,],As5.— 
The corresponding arsine in carbon bisulfide solution is first refluxed 
with sulfur monochloride and then with an excess of finely powdered 
ammonium pentasulfide, after which the precipitated reaction-product 
is dissolved in hydrochloric acid, the sulfur filtered off, and the crude 
arsine sulfide reprecipitated with sodium carbonate. By dissolving in 
chloroform and reprecipitating with absolute alcohol, the compound is 
obtained in the form of lustrous leaflets, m. p. 269-70° ; difficultly soluble 
in carbon bisulfide, benzene, ether or alcohol but easily in chloroform.**** 


(C.H;) 2 
4-Carboxyphenyldiethylarsine sulfide, AsS, formed 
(HOOC.G,H,) 


on passing hydrogen sulfide into an aqueous solution of the hydroxy- 
chloride crystallizes in long, colorless, transparent needles, m. p. 184°.1%°° 


(C.Hs) > 
4-Carboxytriphenylarsine sulfide, AsS, separates as 


(HOOC.C,.H,) 


oily drops on passing hydrogen sulfide through an alcoholic solution of 
the arsine and evaporating off the solvent. On standing the oily sub- 
stance solidifies to a mass of beautiful white crystals, m. p. 178°.8?8 


D. Quaternary Derivatives. 


1. Arsonium Compounds.—Tertiary aromatic arsines combine with 
alkyl or aryl halides to form quaternary arsenicals of the type RyAsX, 
where X represents a halogen atom: 


R,As + R’X — > R,Asx. 


This reaction often occurs at ordinary or slightly elevated tempera- 
tures, but in several instances it has been found necessary to heat the 
components together in a sealed tube at water-bath or even higher 
temperatures, depending upon the nature of the individual arsine and 
alkyl or aryl halide employed. Thus, combination with methyl iodide 
takes place very readily, while with ethyl iodide and the halides of 
the higher homologues the reaction is not only more difficult, but in 
several instances does not take place at all. 
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Instead of tertiary arsines, cacodyls may be employed, in which 
case a secondary halogenated arsine is also formed. The reaction evi- 
dently proceeds according to the following equation: 


R,As.AsR, + R’/K —> R,As+AsR, —> R,R’As + R,Asx BX, 
xR 


RoR’,AsX + R,AsX. 


Quaternary halides are also obtainable from primary aromatic 
arsines and alkyl] halides: 


RAsH, + 3R’X ——» RR’,AsxX -+ 2HX; 
from arsonium hydroxides and haloid acids: 
R,As.OH + HX ——> R,AsX + H,O; 


or by heating arseno compounds in a sealed tube with an alkyl iodide. 
According to Bertheim the latter reaction proceeds as follows: 


RAs = AsR + 3R’I —> RR’,AsI + RAsI,, 


while Steinkopf claims that the arsonium triiodide is first formed, and 
this in turn reacts with the unchanged arseno compound, yielding an 
arsonium iodide and an aryl! diiodoarsine: 


RAs = AsR + 6R’I ——> 2RR’,AsI, 
RAs = AsR + 2RR’,AsI, ——> 2RR’,AsI + 2RAslI,. 


The last reaction can be actually carried out by bringing together 
arsenobenzene and phenyltrimethylarsonium triiodide in alcoholic solu- 
tion. 

The iodides and bromides are well-defined crystalline compounds, 
while the chlorides either crystallize poorly or exist as syrupy masses 
which form crystalline addition products with platinic, mercuric or auric 
chloride. The arsonium halides are all generally soluble in water or 
alcohols but not in ether. Some of the iodides combine additively with 
chlorine to form dichloroiodides, others yield double salts with 
cadmium-, lead- or mercuric iodide, and still others form triiodides 
with iodine, but they all possess the property of yielding the corre- 
sponding arsonium chloride when boiled with silver chloride. The 
bromides are converted into the iodides by heating with methyl or po- 
tassium iodide. 

When heated at elevated temperatures in an atmosphere of carbon 
dioxide, the arsonium halides generally split into their component 
tertiary arsines and alkyl or aryl halides. They react with silver d-a- 
bromocamphor-a-sulfonate, yielding silver halide and the corresponding 


428 ORGANIC ARSENICAL COMPOUNDS 


arsonium bromocamphorsulfonate, while with freshly prepared moist 
silver oxide they form the corresponding arsonium hydroxides. The latter 
are strong bases readily forming salts with acids—even with so weak 
an acid as carbonic, which they rapidly absorb upon exposure to air. 

It is interesting to note that arsonium compounds with an as- 
symetric arsenic atom have been prepared, and there appears to exist 
definite evidence that they may be resolved into optically active com- 
ponents, but the active compounds racemize so rapidly that the observed 
rotation is small. This racemization appears to occur as a result of 
the tendency of the quaternary salt to readily dissociate in solution. 
The arsonium salts of optically active acids, however, exhibit a molecular 
rotation which is practically equal to that of the acid ion itself. 

The arsonium triiodides are prepared: 

1. From arseno compounds by heating with an excess of alkyl iodide 
in a sealed tube: 


R : R 
NOE ees 
~- Res ag eae 


RAs = AsR es RAs— AsR 


Foo) fal « 
Re gx ray eis 


SRR’ ARs. 


2. In a similar manner from alkyl iodides and secondary mono- 
halogenated-, cyano- or thiocyanoarsines, or tertiary arsine dihalides: 
R/X RX 
R,AsX ———> R,R’/AsX, ———> R.R’.AsXs. 
3. By adding iodine to an arsonium iodide in a solvent such as 


alcohol: 
R,AsI + I, ——> R.Asls. 


As we have already seen under the preparation of arsonium iodides, 
the triiodides give up their extra halogen to arseno compounds, con- 
verting the latter into two molecules of the corresponding diiodoarsines, 
while they themselves are changed to the arsonium iodides. In the ease 
of diphenyldimethylarsonium triiodide, it has been found possible to 
effect combination with still more iodine, forming an enneaiodide, 
R,AsI.1I;, a compound closely resembling the corresponding derivatives 
in the nitrogen series. ; 

Arsonium compounds containing carboxy groups may be prepared 
by oxidizing the nuclear alkyl radicals of arylarsonium compounds by 
means of potassium permanganate; from carboxylated tertiary arsines 
and alkyl halides; or from tertiary arsines and halogenated fatty acids 
such as chloroacetic acid: 
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Cl 
“a 
R,As + CICH,.COOH ——> R,As 
CH,COOH 


The above arsonium halides form addition products with platinic or 
auric chloride, but with alkalis the corresponding hydroxides or their 
inner pohydrides are obtained: 


R’COOH R’ 


R,As aes eigen at 
xe Svesscccens i O 


- The latter are basic compounds which yield arsonium salts upon treat- 
ment with acids. The anhydrides, unlike the corresponding phosphorus 
compounds, are very stable toward concentrated caustic alkalis, de- 
composition occurring only on prolonged boiling in alcoholic potassium 
hydroxide solution. ; 

Tertiary arsines also combine additively with w-halogenated ketones 
according to the equation: 


CH.COCH, 
R,As + CICH,COCH, ——> R,As 
Cl 


The resulting halides, upon treatment with sodium carbonate, are con- 
verted into the corresponding hydroxides, known as arseniketobetaines. 
The latter form salts with acids but, unlike the other arsonium hy- 
droxides, are readily crystallizable, only slightly soluble in water and 
neutral in reaction. It has not been definitely determined whether 
they possess the structural formula 


CH,COCH, CH, OH 
va y te ts 
RAs , or ReAs C 
ee Bie oN 
OH O CH, 


In the case of triphenylmethylarseniketobetaine, it has been found pos- 
sible by heating to form an anhydride which yields the parent substance 
upon treatment with hydrous solvents. 


Phenyltrimethylarsonium chloride, C,H; (CH,);,AsCl, is obtained from 
the corresponding iodide by treating with silver oxide and adding hydro- 
chloric acid to the resulting compound. Its platinichloride, 


[C,H (CH,) eAs],PtCl, 
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crystallizes in beautiful, red lamelle melting at 219° and readily soluble 
in water.15&7 


Phenyltrimethylarsonium bromide results from the interaction of 
methyl bromide and either phenyldimethylarsine “** or symm. dimethyl]- 
diphenyldiarsine **°* in a sealed tube. It separates from alcohol in 
compact crystals, m. p. 284° with decomposition; soluble in water, 
methyl or ethyl alcohol, difficultly in warm acetone, chloroform, benzene 
or ethyl acetate and insoluble in ether or pyridine. Its platinichloride 
crystallizes in brown leaflets, m. p. 197-200°. With picric acid the 
arsonium bromide yields the corresponding picrate, 


C,H; (CHs;)sAs.OC,H, (NOz)s, 


orange-yellow needles melting at 145°. 


Phenyltrimethylarsonium iodide may be obtaimed from phenyldi- 
methylarsine '*°° or arsenobenzene '*"° by warming in a sealed tube with 
methyl iodide; from symm. dimethyldiphenyldigrsine and methyl iodide 
in an atmosphere of carbon dioxide; °*t from the corresponding bromide 
by heating with methyl! iodide; *°° or from phenylarsine by heating with 
an excess of methyl iodide.'**! It crystallizes in white needles, m. p. 
244-50°; is easily soluble in cold water or alcohol, insoluble in ether, 
and decomposes into its constituents upon heating in a stream of carbon 
dioxide. With cadmium iodide it forms a double salt, 


[C.H; (CH,),As],.Cdl,, 


a white, crystalline precipitate melting at 194°.1°7? With iodoform in 
absolute alcoholic solution the arsonium iodide forms an addition product, 
I[{ (C,H) (CH;),As]....1,CH, which can also be obtained by refluxing 
a mixture of either iodoform, phenyldimethylarsine and methyl iodide, 
or phenyltrimethylarsonium hydroxide and iodoform. It crystallizes 
in yellow needles, m. p. 143-5°; soluble in acetone or hot alcohol, diffi- 
cultly in ether, pyridine or chloroform, and is decomposed into its com- 
ponents on boiling with water.'*"8 


Phenyltrimethylarsonium triodide—From phenylmethylchloro- or 
iodoarsine and methyl iodide in a sealed tube for two hours at 100°. 
On digesting the reaction product with ether and recrystallizing from 
alcohol, it forms long brown needles, m. p. 103°; easily soluble in hot 
alcohol or cold acetone, sparingly in cold aleohol and insoluble in 
water, ether or lgroin.*** On refluxing its alcoholic solution with 
symm. diphenyldiiododiarsine, the resulting compounds are largely 
phenyldiiodoarsine and phenyltrimethylarsonium iodide: °*7 


wae eres 
( ik >As) + CoH; (CH;)sAsl; —> 20,.H,Asl, + CeH; (CH;) ,AsI. 
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4-Methoxyphenyltrimethylarsonium iodide, (CH;0.C,.H,) (CH;),Asl, 
is obtained along with 4-methoxyphenyldiiodoarsine upon heating 4,4’- 
dimethoxyarsenobenzene with methyl] iodide in a sealed tube at 100°. It 
forms beautiful, long, white needles and prisms, m. p. 213°; soluble 
in water, methyl alcohol, glacial acetic acid, chloroform or pyridine, 
less so in acetone and insoluble in ether, ligroin or benzene.‘®? 


4-Iodophenyltrimethylarsonum vodide, (1.C.H,)(CH;);AsI, from 
4,4’-diiodoarsenobenzene and methyl! iodide, crystallizes in leaflets or 
prisms melting at about 300°, soluble in water, methyl alcohol or glacial 
acetic acid, less so in acetone, sparingly in chloroform and insoluble in 
ether or ligroin.13*4 


4-Carboxyphenyltrumethylarsonum chloride [| Trimethylarseniben- 
(CHs)s 


zobetaine hydrochloride}, AsCl, prepared by the pro- 
HOOC.C,H, 


longed oxidation of 4-methylphenyltrimethylarsonium chloride with 
alkaline potassium permanganate at 50°, crystallizes from water in 
clusters of small white needles easily soluble in hot, but less so in cold 
alcohol and decomposing above 400° into phenyltrimethylarsonium chlo- 
ride and carbon dioxide. Its platinichloride exists as small, pale yellow 
needles, m. p. 255°, while the aurichloride consists of golden-yellow 
needles, m. p. 198°. 
C.H. 


> 
The free betaine, (CH;);As CO, results upon treating the 
O 


above arsonium chloride with sodium carbonate, and crystallizes from 
dilute alcohol in thin plates containing 24 molecules of water of crystal- 
lization. Heating decomposes it without melting; treatment with hydro- 
bromic acid yields the arsonium bromide, small needles decomposing 
without melting at 270°; aqueous nitric acid produces a nitrate, leaflets 
melting at 230°, while with sulfuric acid long, thin needles of an acid 
sulfate are produced. When boiled with alcoholic potash the betaine 
decomposes into trimethylarsine oxide and benzoic acid.1%” 


Phenyldimethylethylarsonium iodide, (C.H;) (CHs)2(C2H;)AsI, is 
made by reacting either phenyldimethylarsine and ethyl iodide,’ or 
phenylmethylethylarsine and methyl iodide.’ It crystallizes from 
alcohol as colorless needles, m. p. 142°. With mercuric iodide in acetone 
solution it combines additively, forming pale yellow prisms of 
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(C.H;) (CH;).(C.H,)As.HgI,, m. p. 135°, while with lead iodide the 
compound (C,H;) (CH;).(C2Hs)As.PbI;, m. p. 203°, is obtained.**” 


Phenylmethyldiethylarsonium chloride, (CsH;) (CH;) (C2H;)2AsCl, 
is an oil which forms a crystalline double salt, m. p. 190°, with platinic 
chloride.277_ The arsonium iodide is readily prepared by combining 
phenyldiethylarsine with methyl iodide at ordinary temperature. It 
separates from alcohol-ether as prisms, m. p. 122° (M.) 75-7° (B.).7* *°7° 


4-Carboxyphenylmethyldiethylarsonium iodide, 
CH; 


\ 
(C.H;). = Asl, 
HOOC.C.Hz 


consists of white needles turning pale yellow on exposure to sunlight 
and melting at 131°. It is produced by refluxing the tertiary arsine with 
methyl iodide on a water-bath.?" 

ICH, 


ae 
Phenyliodomethyldiethylarsonium iodide, (C.H;).— AslI, separates 
CeHs 


on warming phenyldiethylarsine with methylene iodide on a water-bath 
and finally cooling. It crystallizes from dilute alcohol as small needles, 
m. p. 178°; difficultly soluble in hot water, alcohol or acetone, more 
readily in methy! alcohol.*378 


Phenylcarboxymethyldiethylarsontum chloride |Phenyldiethylarseni- 
C.H; 


betaine hydrochloride}, (CoH;)2 = AsCl, results on combining 
HOOC.CH, 


phenyldiethylarsine with monochloroacetic acid at water-bath tempera- 
ture. It crystallizes in white needles, m. p. 125°; is easily soluble in 
alcohol or water, and forms a lustrous, red, crystalline platinichloride 
melting at 161°. The free betaine results on adding alcoholic potash 
to a similar solution of the above hydrochloride, removing the excess 
alkali with carbon dioxide and concentrating the filtrate. The ethyl 
ester of the hydrochloride is an oil obtained by heating phenyldiethyl- 
arsine together with ethyl chloroacetate in a sealed tube at 100°, and 
extracting with ether. Its chloroplatinate crystallizes from alcohol in 
small needles melting at 125°, while the picrate melts at 90°.1879 


% 
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Phenyltriethylarsonium chloride, CsH;(C2H;),AsCl, may be derived 
directly from the corresponding iodide either by boiling with freshly 
precipitated silver chloride, or indirectly by heating with an aqueous 
suspension of silver oxide for several hours in a sealed tube at 110°, 
neutralizing the resulting hydroxide with hydrochloric acid, and evapo- 
rating the solution on the water-bath. It is a syrupy mass which can- 
not be obtained crystalline. With platinic chloride its aqueous solution 
yields a double salt consisting of golden-yellow leaflets.1%*° 


Phenyltriethylarsonium iodide results upon heating either phenyldi- 
ethylarsine and ethyl iodide in a sealed tube at 100°,'*** or phenylarsine 
and an excess of ethyl iodide in a’‘sealed tube at 120°.127 It erystallizes 
in colorless prisms, m. p. 112-3°; soluble in water or alcohol, insoluble 
in ether, and having an extremely bitter taste. On exposure to sunlight 
it acquires a yellow color due to the liberation of iodine, while heating 
in a current of carbon dioxide splits it into phenyldiethylarsine and 
ethyl iodide. When chlorine is conducted into its glacial acetic acid 
solution, a dark oil separates which soon solidifies to lustrous, dark 
yellow crystals of the arsonium dichloroiodide, Cy>H;(C.H;),As.1ICl,.137 


Phenyltriethylarsonium hydroxide is obtained by treating the corre- 
sponding arsonium halides with moist silver oxide.'**? 


4-Carboxyphenyltriethylarsonium chloride [Triethylarsenibenzo- 
(C.H;)s 


betaine hydrochloride], AsCl, prepared like the corre- 


HOOC.C,H, 


sponding methyl derivative, consists of hygroscopic acicular crystals, 
which are decomposed into triethylarsine oxide and benzoic acid only 
after prolonged boiling with alcoholic caustic potash: 


(HOOG.C,H,) (C,H;),AsCl + 2KOH —> 
(C,H,) AsO + C,.H;,COOK + KCl -++ H,0. 


The chloroplatinate forms small, pale yellow leaflets, m. p. 225°; its 
aurichloride crystallizes from alcohol in thin, yellow leaflets and from 
hot water containing hydrochloric acid in long, thin, golden-yellow 
needles, m. p. 165°, while the picrate, 


[ (HOOC.C.H,) (C.H;),] As. OC.H, (NO.z)s, 


is obtained as golden-yellow leaflets, m. p. 155°. 
The free betaine, derived from its hydrochloride by treatment with 

an excess of sodium carbonate, separates as long, tabular, hygroscopic 

crystals having a bitter taste. It forms no salts with alkalis,’** 
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Phenylethyl-n-propylallylarsonium bromide, C,H;—AsBr, results 
Ye 
C,H, / 


C,H; 
when phenylethyl-n-propylarsine and allyl bromide interact for 24 hours. 
It crystallizes from acetone in large, colorless plates, m. p. 86°; mod- 
erately soluble in water. The corresponding d-a-bromocamphor-x-sul- 
fonate crystallizes readily from dilute alcohol, and melts at 123°.7°° 


Phenyltriisoamylarsonium iodide, .CsH;(C;Hi:);AsI, from isoamyl 
iodide and phenylarsine, exists as white crystals, m. p. 163°; soluble in 
alcohol or chloroform but insoluble in cold water, ether, benzene or 
ligroin.874 

(CHs) 

\\ 

4-Methylphenyltrimethylarsonium todide, AsI, may be 

(CH;.CeH,) 
prepared either from 4-methylphenyldimethylarsine and methyl! iodide,*** 
or by heating arseno-p-toluene together with methyl iodide in a sealed 
tube for one hour at 100°.1°7* It erystallizes from water as broad, flat 
plates or needles, m. p. 247.5°; soluble in water, glacial acetic acid, 
methyl or ethyl alcohol, difficultly so in acetone or chloroform and in- 
soluble in ether or ligroin. With platinic chloride it forms a double salt 

consisting of reddish-yellow needles, m. p. 225°. 


4-Methylphenylmethyldiethylarsonium iodide, 
(CH. . Cale) (CH;) (C.H;) Asl, 


colorless leaflets, m. p. 220°, from 4-methylphenyldiethylarsine and 
methyl iodide.7%* 
(C.H5)s 


\\ 
4-Methylphenyltriethylarsonium iodide, AsI, is ob- 


(CH;.C.H,) 


tained from 4-methylphenyldiethylarsine and ethyl iodide as colorless 
prisms melting at 230°, and possessing a bitter taste. The corresponding 
arsonium hydroxide results on treating the iodide with moist silver oxide. 
On neutralizing a solution of the hydroxide with hydrochloric acid, the 
arsonium chloride separates as an oil which upon standing gradually 
solidifies to a crystalline solid. The latter forms with platinic chloride 
a double salt consisting of reddish-yellow leaflets, m. p. 210°; soluble in 
alcohol or hot water.7®® 
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y-Phenylpropyltrimethylarsonium iodide, 
(C.H;.CH,CH.CH,) (CH;).AslI, 


prepared from y-phenylpropyldimethylarsine and methyl iodide, crystal- 
lizes from water in colorless needles melting at 144°.265 


a-Naphthyltrimethylarsonium iodide, C,,.H,(CH;);,AsI, is readily 
formed from its components, crystallizing from alcohol in colorless 
needles, m. p. 230°.7° 
(CH. 


. \ 
a-Naphthyldimethylethylarsonium iodide, C,H; — AsI, produced by 
Ci .H, 


condensing a-naphthyldimethylarsine with ethyl iodide at 90-100°, crys- 
tallizes from alcohol in colorless leaflets, m. p. 218°.7%4 


(CoHs) » 
Diphenyldimethylarsonium iodide, AsI.—Methyl iodide 
U 
(CHs). 


reacts vigorously with diphenylmethylarsine at ordinary temperature, 
forming the corresponding arsonium iodide, which may be best crystal- 
lized from dilute alkalis as white, spicular crystals, m. p. 190°; easily 
soluble in alcohol or hot water, less so in cold water, insoluble in ether, 
and having a bitter taste. When heated in a stream of carbon dioxide, 
it is split into its components; warming with moist silver oxide produces 
the arsonium hydroxide, which upon neutralization with hydrochloric 
acid yields the corresponding chloride. The latter forms with platinic 
chloride a double salt crystallizing from hot water in flattened, reddish- 
yellow needles, m. p. 219° with decomposition, and sparingly soluble 
in cold water.7** 


Diphenyldimethylarsonium triiodide results upon heating diphenyl- 
chloro-, bromo- or iodoarsine with methyl iodide in a sealed tube for 
several hours at 100°, and consists of violet needles, m. p. 69.5°; easily 
soluble in chloroform, ethyl acetate, acetone or hot methyl or ethyl 
alcohol, sparingly in the cold alcohols and insoluble in water or 
ether,.’47 75° 


(CeHs) 2 
Diphenyldimethylarsonium enneaiodide, AsI.I;—When the 
We 
(CHs)z 
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preceding triiodide and iodine are dissolved in a saturated alcoholic 
iodine solution by warming, and the whole allowed to cool, the ennea- 
iodide separates as lustrous, metallic, dark green needles which have a 
strong odor of iodine, readily turn brown on warming, and melt at 
56°.1889 Its excess iodine may be easily split off. 


CH, 
~ : 
Diphenylmethylethylarsonium iodide, |CsH;—Asl, is best formed 


(CoH) 2 

by heating either ethyl iodide and diphenylmethylarsine or methyl iodide 
and diphenylethylarsine in a sealed tube at water-bath temperature. It 
may be crystallized from weakly alkaline solutions, or by dissolving in 
alcohol and precipitating with ether, as white needles or rhombic prisms 
sensitive to light, m. p. 170°; easily soluble in hot water, slightly in cold, 
insoluble in ether, and having a very bitter taste. When warmed in a 
current of carbon dioxide, it dissociates into diphenylmethylarsine and 
ethyl iodide. 

Upon warming the compound with moist silver oxide, it yields the 
corresponding arsonium hydroxide, a syrupy liquid which absorbs carbon 
dioxide from the air, has an intensely bitter taste and a strongly alkaline 
reaction. When neutralized with dilute hydrochloric acid the arsonium 
chloride is formed. This in turn combines with platinic chloride to 
form a double salt crystallizing from hot water in yellowish-red to red 
needles, m. p. 214° with decomposition; difficultly soluble in cold water 
and insoluble in alcohol. Upon warming the above hydroxide with a 
solution of picric acid, the arsonium picrate, 


CH, 
ae 
(Calle, —_— As ; OCH. (NO,) By 
(CoH;) 2 


separates on cooling as a resinous mass which after recrystallization 
from hot alcohol yields yellow needles. It is soluble in hot water, 
difficultly in cold, insoluble in ether, and melts at 95°, above which tem- 
perature it decomposes.'*** 

(C.H5)» 


Diphenyldiethylarsonium chloride, AsCl.—From the corre- 


VA 
(CoHs)» 
sponding iodide by heating with moist silver oxide in a sealed tube for 
2-3 hours at 110°, and subsequently neutralizing with dilute hydro- 
chloric acid. With platinic chloride it forms a golden-yellow product 
which crystallizes in platelets difficultly soluble in water. 
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Diphenyldiethylarsonium iodide results upon heating diphenylethyl- 
arsine or its dichloride with ethyl iodide in a sealed tube at 100°. It 
crystallizes from hot water as white, flattened needles, m. p. 184°; diffi- 
cultly soluble in cold water, Se in alcohol, and is somewhat sensitive 
todieht..23 


Phenyl-4-methylphenylmethylethylarsonium iodide, 
‘ CH, 


Ss 
C.H; — AslI, 


Lf, 
C,H; / 
le IG Vals 
results from the interaction of the tertiary arsine and methyl iodide. 
It crystallizes in white, monoclinic, acicular needles, m. p. 150-1° (from 
water) and 145° (from alcohol). It is noteworthy because it contains 
five different radicals attached to the arsenic, so that stereoisomeric 
forms are theoretically possible. Although its alcoholic solution shows 
a slight optical activity, it has not been found possible to resolve it 
into optically active isomerides by means of tartaric or aspartic acid. 
Moreover, fission fungi could not be employed as the arsenical has a 
toxic action upon them. The striking difference in the melting points 
of the crystals obtained from water and from alcohol is due to the fact 
that each consists of a mixture of various stereoisomers. The corre- 
sponding arsonium chloride obtained by the action of hydrochloric acid 
upon the hydroxide, is not crystallizable, but its platinichloride crystal- 
lizes from hot water in yellowish-red, triclinic prisms, m. p. 214°.5°° 


(C.Hs)» 
Phenyl-4-methylphenyldiethylarsonium iodide, C.H; — Asl, 
separates from water as monoclinic prisms, m. p. 148°."°* 


Phenyl-4-methylphenylethyl-n-propyl- and isopropylarsonium iodides, 
(C.H;) (C;H,) (C2H;) (C;H,)AsI, consist of monoclinic crystals with no 


sharp melting points.'*** 
(CHs) 


\ 
Phenylbenzyldimethylarsonium iodide, C,H, — AsI, is readily 
C,H;.CH, 
produced by combining additively phenyldimethylarsine and _ benzyl 


iodide. It crystallizes from a mixture of acetone and ether in colorless 
needles, m. p. 115-6°.7% 
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Phenyl-w-chlorobenzyldimethylarsonium chloride, 
(C.H;) (CsH;. CHCl) (CHs).AsCl, 


is made by heating phenyldimethylarsine with an excess of benzal 
chloride, and precipitating the product with ether. It is a deliquescent 
substance whose -w-chlorine is replaced by a hydroxyl on dissolving in 
water. The hydroxy compound forms a double salt with platinic 
chloride.***° 


Phenylbenzylmethylallylarsonium iodide, 
(C.H;) (CoH; .CH,) (CH;) (C,H;) AsI. 


On allowing a mixture of phenylmethylallylarsine and benzyl iodide to 
stand for several days, a hygroscopic, vitreous mass is formed which, 
after repeated recrystallizations from acetone, separates as large, color- 
less crystals, m. p. 100°; readily soluble in acetone, alcohol or ethyl 
acetate but insoluble in water. It reacts with silver d-a-bromocamphor- 
z-sulfonate under ordinary conditions to form the corresponding arsonium 
bromocamphorsulfonate, which crystallizes from a mixture of alcohol 
and acetone in large, colorless prisms, m. p. 189°.8°? 


Phenyl-a-naphthylmethylallylarsonium bromide, 
(CeHs) (CioH7) (CHs) (CsHs) AsBr, 


is easily made by combining the tertiary arsine with allyl bromide, and 
forms a colorless crystalline compound melting with decomposition at 
1403 


Phenyl-a-naphthylphenacylmethylarsonium bromide, 


CH, 
C,H; -AsBr. 
C,H, / 
C.H,COCH, 
When _ phenyl-a-naphthylmethylarsine and w-bromoacetophenone are 
warmed together in molecular proportions, a glassy substance is pro- 
duced which in contact with warm alcohol slowly changes to a bulky, 
white; crystalline solid, m. p. 189°. It is sparingly soluble in cold, readily 
in hot alcohol and insoluble in acetone. The corresponding bromocam- 
phorsulfonate has been obtained as a glassy mass which resisted repeated 
attempts at erystallization.1®*° 


Phenyl-a-naphthylhomopiperonylmethylarsonium bromide, 
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is readily formed upon warming together equimolecular quantities of 
homopiperony! bromide and phenyl-a-naphthylmethylarsine. The com- 
pound crystallizes from alcohol in colorless plates, m. p. 174-5°. Its 
bromocamphorsulfonate crystallizes from absolute alcohol in needles con- 
taining alcohol of crystallization.1°”° 


Phenylbenzylethyl-n-propylarsonium iodide, 
(C.Hs) (C;H;) (C2H;) (C,H;) As, 


from molecular proportions of phenylethyl-n-propylarsine and benzyl 
iodide at 40-50° for two hours, crystallizes from ethyl acetate in small, 
colorless crystals, m. p. 128°; soluble in alcohol but not in water. With 
silver d-camphor-f-sulfonate silver iodide is precipitated, the corre- 
sponding arsonium camphorsulfonate remaining in solution. The latter 
may be isolated by evaporating the solution, and crystallizing the 
residue from a mixture of acetone and light petroleum.’ 


Phenyl-y-phenylpropyldimethylarsonium iodide, 
(GH. Osne- CH CECH.) (CH, )sAsk 


is readily prepared from phenyl-y-phenylpropylmethylarsine and methyl 
iodide, crystallizing from water as colorless rhombohedra, m. p. 102°.°%4 


(CHs). 
Phenyl-a-naphthyldimethylarsonum iodide, C.H;— Asl, similarly 


CioH, 


prepared from the arsine and methyl! iodide at water-bath temperature, 
separates from a concentrated alcoholic solution as colorless plates, 


Te ps 175.2% 
(CHa) 2 


Di(2-methylphenyl) dimethylarsonium iodide, AsI, is 


We 
(CH; : CoH.) 0 


readily obtained from di(2-methylphenyl)methylarsine and methyl 
iodide, crystallizing from water as colorless needles, m. p. 195°.8°° 


Triphenylmethylarsonium iodide, (C>oH;),;(CH;)AsI, prepared by 
refluxing triphenylarsine with methyl iodide on a water-bath, crystal- 
lizes from alcohol as yellowish leaflets and from water as colorless, 
feathery needles, m. p. 176°; easily soluble in alcohol or ether, less so 
in hot water and insoluble in cold water. By conducting chlorine into 
its glacial acetic acid solution, or by treating with sodium hypochlorite 
and hydrochloric acid the dichloroiodide, (CeHs)3(CHs)AsI.Cl,, is ob- 
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tained. The same compound results on adding iodine chloride solution 
to the corresponding arsonium chloride, and crystallizes in yellow leaflets, 
m. p. 144°; easily soluble in boiling alcohol, acetone or glacial acetic 
acid but insoluble in water or ether. By repeated evaporation with 
water the iodine is volatilized, leaving the corresponding arsenium chlo- 
ride.**! The latter is also obtained by neutralizing a solution of the 
hydroxide with hydrochloric acid or by boiling the solution of the 
arsonium iodide with silver chloride. Upon concentrating its solution 
a thick syrup is obtained which, after several evaporations with water, 
is finally dissolved in alcohol and reprecipitated with ether, yielding 
white needles, m. p. 121°; soluble in water and alcohol. With platinic 
chloride it forms a double salt crystallizing from alcoholic hydrochloric 
acid in yellowish-red needles, m. p. 224-5°.1%°° 


Triphenylmethylarsonium triiodide is obtained from triphenylarsine 
diiodide and methyl! iodide by heating for three hours in a sealed tube 
at 100°, or from the arsonium iodide and iodine in aleoholie solution. 
It erystallizes from alcohol in lustrous, brown leaflets, m. p. 107°; easily 
soluble in acetone or boiling alcohol, difficultly in carbon bisulfide or 
cold alcohol and insoluble in water, ether, carbon tetrachloride or 
petroleum ether." 


Triphenylmethylarsonium bromide, from triphenylarsine and methy] 
bromide in a sealed tube at room temperature for 14 days, melts at 195°; 
is insoluble in ether, benzene or hgroin, slightly soluble in acetone or 
water and readily in methyl or ethyl alcohol, hot water or chloroform. 
With iodoform in hot absolute aleohohe solution it forms an addition 
compound, Br[(C.H;);(CH;)As]...1,;CH, brownish-yellow  lamine, 
m. p. 124°; shghtly soluble in warm ether, acetone, benzene, toluene or 
ligroin, readily in hot alcohol or chloroform, and is decomposed into its 
components on boiling with water.'8** 


Triphenylmethylarsonium hydroxide is best made by digesting an 
alcoholic solution of the iodide with moist silver oxide, and carefully 
concentrating the resulting solution by keeping it in vacuo over sulfuric 
acid. It consists of elongated, transparent, prismatic crystals soluble 
in water with an alkaline reaction, and melting at 125-6°. When heated 
at 100°, the compound loses methyl! alcohol, leaving pure triphenylarsine. 
Its aqueous solution absorbs carbon dioxide from the air, and on evapora- 
tion deposits large plates of the bicarbonate, 


[(C.H;)s(CH;) As. HCO,] .H.0, 


which effervesces with acids, forms a white precipitate with baryta water, 
and slightly reddens phenolphthalein in the cold, though more so on 
boiling. By adding an excess of nitric acid to a solution of the hydroxide 
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and concentrating, there is obtained a crystalline mass of the nitrate, 
which may be recrystallized from alcohol-ether in long needles.1*° 
Tri(3-nitrophenyl) methylarsonium nitrate, 


(O.N. C.H,)3(CHs) AsNOs,, 


is produced by treating either triphenylmethylarsonium nitrate or 
chloride with a mixture of fuming nitric and concentrated sulfuric acids 
at low temperature. The product is a yellow powder, m. p. 195°; soluble 
in hot alcohol, chloroform or glacial acetic acid, insoluble in water, and 
intumescing when heated.13% 
(CoH) 5 
\\ 


Triphenyliodomethylarsonium iodide, AsI, produced upon 


(ICH,) 
heating triphenylarsine and methylene iodide in an oil bath at 130°, 
crystallizes from hot dilute alcohol as silvery needles, m. p. 227°; spar- 
ingly soluble in glacial acetic acid, chloroform or water and insoluble 
in anhydrous ether. By passing chlorine into its hot glacial acetic acid 
solution the corresponding chloromethylarsonium dichloroiodide, 


(C.H,),(CH,Cl) As. ICL, 


is obtained as intensely yellow crystals, m. p. 138°; readily soluble in 
boiling alcohol, sparingly in cold alcohol or glacial acetic acid. Upon 
warming with caustic soda solution it is decomposed into triphenylarsine 
dihydroxide and dichloroiodomethane: 


(C.H,).(CH.Cl) As. ICl, + 2NaOH —> 
(CsH;)3(CH,Cl) AsI + NaClO + NaCl + H,0 

(C.H,),(CH.Cl) As.ICl, + NaClO + NaOH —> 
(C.H,) ,As(OH), + CHICI, + 2NaCl. 


When an alcoholic solution of the iodomethylarsonium iodide is 
warmed with freshly precipitated silver chloride the corresponding 
arsonium chloride is obtained as lustrous needles, m. p. 208°; easily 
soluble in alcohol or water.'*** 


HO.CH, 


Triphenylhydroxymethylarsonium chloride, AsCl.—By 


Uh 
(CoHs)s 


shaking a solution of the corresponding iodomethylarsonium iodide with 
silver oxide, both iodine atoms are replaced by hydroxyls, and the 
product is obtained as a syrup on concentrating. However, by first 
adding hydrochloric acid and then concentrating, the hydroxymethyl- 
arsonium chloride is obtained as a deliquescent, crystalline solid, m. p. 
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112°. With platinic chloride in alcoholic solution it forms a double 
salt consisting of lustrous needles, m. p. 224°. 

If hydriodic acid is employed in the above neutralization, the corre- 
sponding hydroxymethylarsonium iodide is formed along with some 
triphenylarsine which is removed with ether. The iodide crystallizes 
from alcohol as flat, yellow needles, m. p. 171°; easily soluble in water 
or alcohol.1*°6 


Triphenyl-B-hydroxyethylarsonium chloride [Triphenylarsinocholine 
chloride], (CsH;),(HOCH..CH.)AsCl, is derived from triphenylarsine 
by prolonged boiling with ethylene chlorhydrin. It is first precipitated 
by ether and then recrystallized from alcohol-ether as colorless needles, 
m. p. 215°. With platinic chloride it forms a double salt consisting of 
elongated golden-yellow needles, m. p. 223°.1°%7 


Triphenylcarboxymethylarsonium chloride | Triphenylarsenibetaine 
(CeHs)s 

hydrochloride}, AsCl, is obtained as white needles, m. p. 
HOOC.CH, 


145°, and easily soluble in water or alcohol when equimolecular quan- 
tities of triphenylarsine and chloroacetic acid are heated together on a 
water-bath. It forms a light red platinichloride, m. p. 194°. With 
alcoholic caustic potash it yields the corresponding arsonium hydroxide— 
small, white needles, m. p. 125°; very easily soluble in water or alcohol. 
At 100° the latter loses one molecule of water, forming an inner anhy- 


@Es 


4 ee 
dride, triphenylarsenibetaine, (CsH;);As COPses 
NS . x 


Triphenylacetonylarsonium chloride [ Triphenylmethylarseniketo- 


(CoHs)s 
\\ 


betaine hydrochloride}, AsCl—From triphenylarsine and 
CH;COCH, 


chloroacetone by heating for several hours in an oil-bath at 120°. It 
crystallizes from alcohol-ether as rectangular crystals, m. p. 172°; easily 
soluble in water or alcohol. Its platinichloride is a reddish-brown pre- 
cipitate soluble in alcoholic hydrochloric acid. 
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pee 7 YA 
The free ketobetaine, (C,;H;),As C , results upon adding 


O CH; 


caustic soda or sodium carbonate solution to the hydrochloride and 
recrystallizing from hot water, forming nacreous, rhombic plates prac- 
tically insoluble in cold water, sparingly in ether and readily in hot 
water, alcohol or benzene. The compound melts at 123°, then resolidi- 
fies and remelts at 194°. This is due to the fact that the betaine gradu- 
ally loses one-half molecule of water, forming the anhydride, 


GH ee Cl 
CH, (ChE 


oS ae ass 
—C As(C.Hs)s, 
YA 


which melts at the higher temperature. The anhydride may be recrys- 
tallized unchanged from benzene, but in hydrated solvents it reverts 
to the ketobetaine. By adding various acids to the alcoholic solution 
of the ketobetaine and subsequently precipitating with ether, salts may 
be obtained. 


Triphenylacetonylarsonium bromide, prepared from the ketobetaine 
and hydrobromic acid, forms colorless crystals melting at 165°, and 
dissolving in water or alcohol. The iodide, m. p. 161°, is readily soluble 
in alcohol or hot water but sparingly in cold water.1%°° 


Triphenylphenacylarsonium bromide [Tetraphenylarseniketobetaine 
hydrobromide], (CsH;);(CH.COC,H;)AsBr, results upon heating equal 
parts of triphenylarsine and bromoacetophenone on a water-bath. It 
forms silky needles, m. p. 178°; easily soluble in hot water or alcohol 
but sparingly in cold water. The corresponding chloride is soluble in 
water or alcohol and melts at 166°; the platinichloride melts at 191°, 
while the iodide, prepared by adding a solution of potassium iodide to 
a hot solution of the bromide, melts at 157°, is easily soluble in alcohol, 
and sparingly in cold water. The nitrate, from the chloride or bromide 
and silver nitrate, consists of colorless needles, m. p. 184°; soluble in 
alcohol, sparingly in cold water. Upon treating the bromide with sodium 
hydroxide or carbonate, there is formed tetraphenylarsentketobetaine, 


Clay Se eae 
of Ia WL 
(CoH) .As C 
~ 
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which may be crystallized from dilute alcohol in fine, white needles, 
m. p. 176°; readily soluble in alcohol but insoluble in cold water.**°° 


Triphenylethylarsonium iodide, (C,H;);(C.H;)AsI, results on re- 
fluxing triphenylarsine with ethyl iodide. It may be recrystallized from 
alecohol-ether as lustrous needles, m. p. 158°; difficultly soluble in water 
but readily in alcohol. The corresponding chloride forms a_platini- 
chloride melting at 221°.14% 


Tri(2-methylphenyl) methylarsonium iodide, (CH,.C.H,);(CHs) Asl, 
crystallizes from water in colorless needles, m. p. 166°.°"! 


Tri(3-methylphenyl) methylarsonium iodide, easily prepared by the 
interaction of the tertiary arsine and methyl! iodide at ordinary tem- 
perature, crystallizes from water or alcohol in rhombic prisms, m. p. 
181°. The corresponding arsonium chloride is oily, but its platinichlo- 
ride is a pale yellow precipitate. On warming the arsonium iodide with 
alkali, tri(3-methylpheny]) arsine is obtained.'*°* 


Tri(3-methylphenyl) ethylarsonium iodide, (C;H,);(C2H;)AslI, crys- 
tallizes from dilute alcohol in distorted rhombohedra of the triclinic 
system, m. p. 130°.1*° 

Diphenyl-4-methylphenylmethylarsonium iodide, 

(CeH,)3(CH,..C,. Ha) (CH) Ast. 
obtained lke triphenylmethylarsonium iodide, crystallizes from water 
in white needles, m. p. 152°. The corresponding chloride is oily and 
cannot be obtained crystalline, but the platinichloride crystallizes from 
alcoholic hydrochloric acid in pale red crystals, m. p. 209°.1%81 

Diphenyl-4-methylphenylethylarsonium iodide, 

(CoH) 2(C;H;) (C2H;) As, 
is an oil which cannot be solidified. The platinichloride forms pink 
Crystals We Dae ee0 = 
Phenyldi(4-methylphenyl) methylarsonium iodide, 
(CoHs) (C,H,).(CH,) AslI, 


made like triphenylmethylarsonium iodide, crystallizes from water in 
white needles, m. p. 84°, which turn pale yellow on exposure to light. 
Its platinichloride crystallizes from hot dilute hydrochloric acid in lus- 
trous, golden-yellow needles, m. p. 222°.14°8 


Phenyldi(4-methylphenyl) ethylarsonium iodide, 
(CoH;) (C,;H,)2(C.Hs) AsI, 
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is an oily substance which solidifies very slowly to form small yellowish 
Crystals. mesp..1 25° 2884 


Tri(4-methylphenyl) methylarsonium iodide, 
(CH, .C.H,),(CH,) Asi, 


is prepared like its phenyl homologue, and melts at 179°; the chloride 
forms large, transparent crystals, m. p. 87°, while the platinichloride 
consists of strongly refractive, reddish-brown prisms. By passing chlo- 
rine into a glacial acetic acid solution of the iodide, there is obtained 
the dichloroiodide, (C;H;)3(CH;)As.ICl,, which on recrystallization 
from alcohol separates as reddish-yellow crystals, m. p. 146°.'%68 


Tri (3-dimethylamino-4-methylphenyl) methylarsonium iodide, 
[(CeH;,(CH;) N (CH,).],(CH;) AslI. 


Tri(3-amino-4-methylpheny]) arsine is refluxed with an excess of methyl 
1odide, the excess of the latter distilled off, the reddish-yellow,. erystal- 
line residue dissolved in water, and the des.red compound precipitated 
with caustic soda as a white powder, m. p. 135°; easily soluble in alcohol 
but sparingly in water.*°? 


Tri(4-methylphenyl)iodomethylarsonium iodide, Asl, 


Mf 
(CH; . CeH, )s 


prepared as above, consists of colorless crystals melting at 215°, and 
dissolving in alcohol.'*% 


Tri(4-methylphenyl) carboxymethylarsonium chloride | Tri-p-tolyl- 


(CH . C,H, ) 3 
\\ 


arsenibetaine hydrochloride], AsCl, is prepared as above, 


(HOOCCH.,) 


but the combination occurs less readily. It is a white, crystalline mass, 
m. p. 146°, which forms a yellow platinichloride, m. p. 206°. The free 
betaine crystallizes less readily than the corresponding phenyl compound 
so that it cannot be obtained absolutely pure.’*°* 


Tri(4-methylphenyl) acetonylarsonium chloride | Tri-p-tolylmethyl- 
arseniketobetaine hydrochloride], (C;H;),(CH,COCH, ) AsCl_—Prepared 
by heating molecular proportions of chloroacetone and tri(4-methy]- 
phenyl) arsine in sealed tubes at 85°. It melts at 170°, and is readily 
soluble in water or alcohol but insoluble in ether. It forms a platini- 
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chloride, consisting of yellow leaflets, m. p. 210°; sparingly soluble in 
water or alcohol. The arsonium bromide, obtained from the chloride 
and potassium bromide, exists as needles, m. p. 159°; easily soluble in 
alcohol, less so in water. The corresponding iodide melts at 144°. 


Cham aCl: 
7 ara 


The free ketobetaine, (C,;H,);As , 1s obtained by the 


OH 


action of alkali upon the chloride, and crystallizes from dilute alcohol 
in lustrous needles, m. p. 113°; easily soluble in alcohol, benzene or ether 
but insoluble in water.'*°° 


Tri(4-methylphenyl) phenacylarsonium chloride | Tri-p-tolylphenyl- 
arseniketobetaine hydrochloride|, (C;H;)3(CsH;COCH:)AsCl, is pre- 
pared as above by employing chloroacetophenone, and is recrystallized 
from alcohol-ether as white needles, m. p. 159°, which behave with 
solvents like the preceding chloride. Its platinichloride forms yellowish- 
red needles, m. p. 205°. The bromide, also derived as above, melts at 
182°, and the iodide at 148°. 


The free ketobetaine, (C;H,),As , erystallizes from 
OH 


alcohol containing a little water in tufts of lustrous needles melting 
hip Mae 2 


Tri(4-methylphenyl) ethylarsonium iodide crystallizes from water in 
fine, colorless needles, m. p. 158°.1*%* 


Diphenylbenzylmethylarsonium todide, 
(CoHs) 2(CsH;.CH2) (CH,) AsI, 


from diphenylmethylarsine and benzyl iodide, melts at 193°.7°4 


Phenyl-4-methylphenylbenzylethylarsonium iodide, 
(C,H) (C,H,) (C.H,;.CH,) (ChH,) Asi, 


from phenyl-4-methylphenylethylarsine and benzyl iodide, forms rhom- 
bic crystals, m. p. 150°. The corresponding chloride is uncrystalliz- 
able.™4 
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Phenylbenzyl-a-naphthylmethylarsonium bromide, 
CH, 


AS 
(Ciel, —— INGIBIE. 


ie 
CeH,-CH, 7 
C,H; 
Phenyl-a-naphthylmethylarsine and benzyl bromide combine readily 
when heated on a water-bath, to form the arsonium bromide. It crys- 
tallizes in colorless prisms, m. p. 185°; readily soluble in cold dilute or 
hot absolute alcohol, sparingly in cold absolute alcohol and insoluble 
in water. With a calculated quantity of silver d-a-bromocamphor-z- 
sulfonate it forms the arsonium bromocamphorsulfonate which separates 
from acetone, alcohol-ethyl acetate or acetone-ether as colorless prisms, 
m. p. 187°; soluble in aqueous acetone or alcohol and almost insoluble 
in water. Its rotating power is [M]p 281°, which may be raised to 


300° by recrystallization.*°7 


d-Phenylbenzyl-a-naphthylmethylarsonium bromide is prepared like 
the iodide as colorless crystals, m. p. 187-8°, but racemization in solu- 
tion is very rapid, the highest molecular rotation observed being 
[M]p+ 5°. The corresponding arsonium iodide is obtained when 


d-pheny|lbenzy1- a-naphthylmethylarsonium - d - o- bromocamphor-z-sulfo- 
nate in aqueous acetone is treated with aqueous potassium iodide, sep- 
arating in colorless needles, m. p. 186-7°, having a molecular rotation 
of [M]p12°. It is soluble in cold chloroform or a mixture of alcohol 


and water, and in warm alcohol or acetone. The last two solutions 
deposit an inactive iodide, m. p. 183-4°, upon cooling.14°* 


Tribenzylalkylarsonium iodides are prepared by heating the arsine 
with a slight excess of alkyl iodides in sealed tubes at 100°. They are 
crystalline compounds readily soluble in alcohol or hot water, the sol- 
ubilities decreasing with increasing carbon content, while the solubilities 
in ether increase in the same order. They have an intensely bitter 
taste, turn yellowish in the air, and have melting points varying within 
but few degrees of each other. In alcoholic solution silver nitrate pre- 
cipitates silver iodide.'*°° 


Tribenzylmethylarsonium iodide, (C.H;.CH.);(CH;)AsI, consists of 
colorless needles and rhombic crystals, m. p. 143°. Boiling with moist 
silver oxide converts it into the arsonium hydroxide—a highly caustic 
base which absorbs carbon dioxide from the air. However, on boiling 
the iodide with concentrated caustic potash, it decomposes with the 
formation of toluene. By neutralizing the hydroxide with hydrochloric 
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acid, the arsonium chloride is obtained as white needles, m. p. 201°; 
readily soluble in alcohol or hot water. Its aqueous solution combines 
with platinic chloride to form a yellow, double salt melting at 173°.1*° 


Tribenzylethylarsonium iodide, (Cy>H;CH.);(C.H;)AsI, consists of 
white leaflets, m. p. 148°.1*™ 


Tri(4-ethylphenyl) methylarsonium iodide, (C:H;.CeH.);(CHs;) Asl, 
from the arsine and methyl] iodide, melts at 126°.°** 


Phenyldi(2,4-dimethylphenyl) methylarsonium ‘iodide, 
(C.H;) [ (CH;) 2CeHs | 2 (CH,) Asl, 


obtained from phenyldi(2,4-dimethylphenyl) arsine and methyl iodide, 
consists of lustrous white crystals, m. p. 184°, while the corresponding 
arsonium hydroxide melts at 122°.1°%* 


Phenyldi(2,4-dimethylphenyl) ethylarsonium iodide, 
(C.H,) [ (CH;)2.CeHs|2(C.H;) Asl, 


from the arsine and ethyl iodide, is a solid, m. p. 157°.'87 


Tri(2,4-dimethylphenyl) methylarsonwum iodide, 
[ (CH;) 2CeH; | 3(CH,) AslI, 

forms large, lustrous crystals, m. p. 179°; sparingly soluble in water, 
easily in alcohol or chloroform; the chloride is an uncrystallizable, 
enamel-like mass, but its platinichloride consists of reddish-brown 
crystals, m. p. 245°.1938 

Tr2(2,5-dimethylphenyl) methylarsonium iodide exists as white, tab- 
ular crystals, m. p. 175°; the platinichloride as pale yellow needles, 
m. p: 250°. Warming the hydroxide splits it into the tertiary arsine 
and methyl alcohol.** 

Phenyldv(2,4,6-trimethylphenyl) methylarsonium iodide, 
melts at 179°; the chloride at 192°, and the platinichloride at 266.5°, 
while the hydroxide, formed by treating the iodide in alcohol solution 
with moist silver oxide, exists as colorless needles, m. p. 151°, which 
on continued heating at 130° is split into methyl alcohol and the tertiary 
arsine,71348 


Phenyldi(2,4,5-trimethylphenyl) ethylarsonium iodide, 
(CoH) [| (CHs)sCeH2].(C.H;) AsI, 


forms colorless crystals, m. p. 189°.!848 


PENTAVALENT AROMATIC ARSENICALS 449 
Trt(2,4,6-trimethylphenyl) methylarsonium iodide, 
[ (CH) sCeH.],(CH;) Asl, 
is prepared from its components by warming together on a water-bath. 
It crystallizes from alcohol as yellowish-red prisms, but from hot water 
as white prisms, m. p. 186°; sparingly soluble in hot water and easily 
in alcohol or chloroform. The chloride separates from alcohol as tufts 


of crystals, m. p. 192°, readily soluble in alcohol or water, while its 
platinichloride forms pellowich red monoclinic crystals, m. p. 237°.1842 


Tri(4-isopropylphenyl) methylarsonium iodide, 
[ (CH;)2.CH.C.H,];(CH;) AsI, 


forms white rosets, m. p. 103°.1349 


Tri(4-isopropylphenyl) ethylarsonium iodide, 
[ (CH;)2,CH.C.H.]3(C2H;) AsI, 
melts at 138°. 


Tri(tertiary-butylphenyl) methylarsonium iodide, 
[ (CH;),C.C.sH.];(CHs) AslI, 


consists of crystals, m. p. 125° with decomposition, while the hydrozide, 
m. p. 136°, crystallizes with four molecules of water which cannot be 
removed without decomposing the compound.*%” 


Tri(4-phenylphenyl) methylarsonium iodide, 
(CsH;.CeH,)3(CH;) Asl, 


from the arsine and methyl] iodide, crystallizes from benzene or alcohol 
in tufts of crystals, m. p. 155°; the corresponding chloride melts at 


112° 1412 


Tri(3-methylphenyl)-n-propylarsonium iodide, (C,;H;)s(C3H;)AslI, 
is prepared by the prolonged interaction of the tertiary arsine and 
n-propyl iodide at ordinary temperature. It crystallizes from dilute 
alcohol in needles, m. p. 143°.14°? The isopropyl derivative melts at 


162 ce 


Tribenzyl-n-propylarsonium iodide, (CeH;.CH:z)s(Cs H 7)AsI, forms 
colorless, monoclinic plates, m. p. 145-6°; the isopropyl derivative con- 
sists of colorless, tabular crystals, m. p. 143°, 1411 while the isoamyl com- 
pound, (C,H;. CH,). (C;H,,)AsI, is epauied as colorless crystals, m. p. 
146°. 1418 
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Tri(4-methylphenyl) allylarsonium chloride, (C;H;)3;(C;H;)AsCl, 1s 
a yellow oil, but its platinichloride is a red powder, m. p. 225°. The 
corresponding bromide, formed by refluxing the arsine and allyl bro- 
mide on a water-bath for several hours, crystallizes from hot water as 
beautiful, white prisms, and from dilute alcohol as lustrous crystals, 
m. p. 82°; easily soluble in water, alcohol, chloroform and the other 
ordinary solvents except ether. With an excess of bromine in alcoholic 
solution a snow-like mass of tri(4-methylphenyl)-f, y-dibromopropyl- 
arsonium bromide, (C;H,),(CH,Br.CHBr.CH,)AsBr, is obtained. It 
is soluble in hot water, alcohol or benzene and sparingly in cold water. 
With alcoholic potash it does not yield a compound similar to 


but a viscid, uncrystallizable oil. By continued heating with water 
on a water-bath there is formed tri(4-methylphenyl) arsine, so that it 
seems to be a compound which is easily decomposed. At 120-30° it 
loses 1HBr, a brown, resinous, uncrystallizable mass remaining. 


Tri(4-methylphenyl) allylarsoniwm iodide, made by treating the bro- 
mide with concentrated potassium iodide solution, crystallizes from 
aqueous alcohol in colorless prisms, m. p. 141°; easily soluble in alcohol 
but sparingly in cold water.'*"* 


Tri(3-methylphenyl) benzylarsonium chloride, 
(C,H,)s(CgH;.CH,.) AsCl, 


is prepared by the prolonged interaction of the arsine with benzyl chlo- 
ride at 30-40°, forming well-defined crystals, m. p. 102°; easily soluble 
in alcohol, sparingly in water.’?° 


Tetrabenzylarsonium chloride, (CsH;.CH.)4AsCl, is prepared by re- 
fluxing tribenzylarsine and benzyl! chloride, or by heating the components 
in a sealed tube at 170-5° for three hours. It forms triclinic crystals 
containing one molecule of water of crystallization, melts at 160°, and 
dissolves in hot water or alcohol. Its aqueous solution yields a pre- 
cipitate with nitric acid, picric acid, potassium bichromate, thiocyanate, 
bromide or iodide. The mercurichloride crystallizes in white needles 
difficultly soluble in water and melting at 176°; the platinichloride is 
a yellow, insoluble precipitate, m. p. 197-8°, while the aurichloride forms 
very small needles melting indefinitely at 130° 148 1418 


Tetrabenzylarsonium bromide is made either by the addition of 
potassium bromide to a concentrated solution of the preceding chloride 
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or by neutralizing the arsonium hydroxide with hydrobromic acid. It 
separates from hot water or alcohol as felted needles, m. p. 173°.1*% 
The zodide, produced either like the bromide, or by refluxing tribenzyl- 
arsine oxide with red phosphorus and hydriodic acid, crystallizes from 
alcohol in transparent needles sparingly soluble in hot water and melt- 
ing at 168°. Its crystalline mercuriiodide melts at 163°, is easily soluble 
in acetone but insoluble in water or ether.‘4!® 1° An arsonium tri- 
iodide is formed by the interaction of alcoholic solutions of the mono- 
iodide and iodine, and crystallizes in lustrous, red leaflets, m. p. 149-50°. 
The arsonium hydroxide is obtained from the iodide and moist silver 
oxide. It is a syrup with an alkaline reaction, and solidifies on ex- 
posure to air due to the absorption of carbon dioxide. When neu- 
tralized with haloid acids it yields the corresponding arsonium halides, 
and when heated with alkalis decomposes into toluene and tribenzyl- 
arsine oxide.'4** 


Chapter VI. 
Heterocyclic Arsenicals. 
1. Trivalent Compounds. 


C.AsCl, 
Ves 


Thienyl-2-dichloroarsine, HC \, 1s obtained upon mixing 
Ss 


ves 
HO = CH 


arsenic trichloride and mercury dithienyl, allowing the mixture to react 
for 24 hours, fractionating the filtrate in an atmosphere of hydrogen 
at 11 mm. pressure, and rectifying the portion obtained between 116° 
and 180°. The product, b. p. 118-22°/11 mm., is a pale brown liquid 
of an unpleasant odor.**'® 


Thenyl-2-arsineoxide, CsH,8.AsO, prepared from the corresponding 
arsonic acid by reduction with sulfurous acid, is a white powder in- ~ 
soluble in water, but soluble in concentrated alkalis. It is reduced to 
the arseno compound by sodium hydrosulfite.1% 


Quinaldinearsineoxide (a-Methylquinolinearsineoxide) , 


CH 
eae OS 
OAs Se eer 


UN C:CH, 
Wa Ne 


Upon reducing the corresponding arsonic acid with sodium and ethyl 
alcohol, and subsequently acidifying with acetic acid, the arsineoxide 
separates as a flocculent precipitate decomposing at 120°. It forms a 
picrate with picric acid in alcoholic solution.‘ 
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Dithenylchloroarsine, (C,H;S),AsCl, is obtained either by further 
rectifying the fraction collected between 150° and 194°/11 mm. in 
the preparation of thienyldichloroarsine,'*!® or by boiling thiophene- 
mercurichloride (50 g.) with arsenic trichloride (35 g.) in toluene 
(750 c.c.) for 6-7 hours.'#2° It is a brown liquid, b. p. 219-32°/13 mm., 
106-10°/0.5 mm. 

Vay, 
aS 
fo NEA ie PNG A 


Phenarsaztine chloride, 


| | , is made by heat- 


NAS 


NDS RNY 4 
NH 


ing arsenic trichloride with either diphenylamine '*** or diphenylhy- 
drazine.1**? It crystallizes from carbon tetrachloride, ether, benzene 
or xylene in yellow needles, m. p. 192-3°, which may be sublimed in 
vacuo, and are soluble in concentrated sulfuric acid. When boiled with, 
aqueous caustic soda the chlorine is replaced by a hydroxyl, while upon 
distillation with zinc dust, carbazole is obtained. With dry ammonia 
in boiling anhydrous xylene, it yields triphenarsazineamine, 


C.H, 


(aN >as)N, 


6444 


a difficultly soluble white precipitate, m. p. 295-300° with frothing, 
and soluble in glacial acetic acid with evolution of ammonia and 
formation of phenarsazine acetate. When heated either in vacuo at 
200-300° or in high-boiling, indifferent solvents it decomposes into 
phenarsazine and ammonia.'*?* 

On boiling phenarsazine chloride with dry pyridine, triphenarsazine 


(GA, cane WEN 
chloride, ne ig —N As—N AsCl, is obtained 
Ayre A ew ile a8 
CoH, C,H, Ula, 


as orange-yellow crystals, m. p. 260-3°.1474 
C.H, 
aaa 
Phenarsazine acetate, HN As.O.OCCH,, results upon boil- 


Yh 
CeH, 
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ing the corresponding oxide or methyl ether with glacial acetic acid. 
It crystallizes in lustrous, greenish leaflets, m. p. 223-4°.14°° The sulfate 
is an orange-yellow precipitate. 


CoH; (CHs) 
Dimethylphenarsazine chloride, HN AsCl. — Upon 
C.H;(CHs) 


heating a mixture of equimolar quantities of di-p-tolylamine and arsenic 
trichloride at 180-90° and recrystallizing from glacial acetic acid or 
nitrobenzene, the product separates as orange-colored leaflets, m. p. 
260°, soluble in concentrated sulfuric acid or the above two solvents, but 
difficultly so in benzene or hot alcohol.'*?® 


C,H. 


a,a-Naphtharsazine chloride, HN AsCl, similarly prepared 


tee 
CioHe 


from oa,a-dinaphthylamine at 210°, crystallizes from nitrobenzene in 
greenish-brown needles, m. p. 300°, soluble in concentrated sulfuric 
acid, and almost insoluble in the usual organic solvents. When dis- 
tilled over copper powder it yields a,a-dinaphthylearbazol.t#* 


B,B-Naphtharsazine chloride, prepared like the a-isomer at 200°, 


separates from nitrobenzene in canary-yellow needles, m. p. above 300°. 
Its properties are similar to those of the preceding compound.'#?° 


7,12-Dihydro-y-benzophenarsazine chloride, |7-Chloro-7,12-dihydro- 
CoH. 


y-benzophenarsazine|, HN AsCl, when recrystallized from 


Ope 
CoH: 


xylene, forms canary-yellow needles, m. p. 219°, insoluble in water, 
soluble in xylene, glacial acetic acid, alcohol, benzene or carbon tetra- 
chloride, is unaffected by aqueous caustic soda, and has a slight ir- 
ritating action upon the mucous membranes of the nose and throat. 
It is prepared by gradually heating a mixture of phenyl-a- Borman e 
amine and arsenic trichloride up to 200°.'#28 


C.H,(OH) 

| | ~ 

Dihydroxyphenarsazine chloride, HN AsCl,-~is a 
s “i 
C.H,(OH) 
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greenish-gray, crystalline powder obtained by heating 4,4’-dihydroxy- 
diphenylamine with arsenic trichloride.’425 

C.H, 


Tia 
N-Methylphenarsazine chloride, H,;C.N AsCl, obtained in 


C.H, 
very small yield by condensing methyldiphenylamine with arsenic tri- 
chloride, separates from a mixture of methyl alcohol and chloroform 
as yellowish-green needles, m. p. 203°, soluble in concentrated sulfuric 
acid. Concentrated nitric acid first dissolves and then nitrates it.1427 


| , has been pre- 


ae ay as 
oy eee 


Phenoxarsine chloride, 


pared by gradually heating a mixture of diphenyl ether, arsenic tri- 
chloride and a small amount of aluminium chloride up to 200°, and 
distilling under reduced pressure. Better yields are obtained, however, 
by cooling the reaction mixture, pouring off the mother liquor from the 
crystals formed, and reheating the solution. The product, which may 
be recrystallized from alcohol, ether or glacial acetic acid, is readily 
soluble in benzene, acetone or chloroform, moderately so in alcohol, 
ether or glacial acetic acid, and slightly in ether or light petroleum. 
It is stable toward boiling water or aqueous caustic soda, and has 
an irritating effect upon the mucous membrane.'*** 


Diphenylenediarsine dichloride (Arsanthrenechloride) , 


Nk es 
AsCl 


Through a warm fuming hydrochloric acid solution of diphenylarsinic 
acid-o-arsonic acid, to which a small quantity of potassium iodide has 
been added, a current of sulfur dioxide is passed, and the resulting oily 
product dried and distilled. The fraction coming over between 200° 
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and 290° consists of a mixture of the above compound and diphenyl- 
chloroarsine-2-dichloroarsine, which are separated either by fractional 
crystallization from benzene or chloroform, or by triturating in a mortar 
with ether in which arsanthrenechloride is difficultly soluble. The com- 
pound crystallizes from carbon tetrachloride in spear-shaped crystals, 
m. p. 182-3°, readily soluble in benzene, chloroform, carbon bisulfide 
or ligroin, and difficultly in ether. It is easily hydrolyzed by water.***? 


Cl. As ° C,H, 
Diphenylchloroarsine-2-dichloroarsine, AsCl,_ crystal- 
Cals 


lizes in white needles, m. p. 153-5°, easily soluble in benzene, chloro- 
form, carbon tetrachloride or hot ligroin, and moderately in ether. Its 
solubilities are generally greater than those of arsanthrene chloride.'**° 


Pentamethylenebromoarsine (Arsepidine bromide), 
CH,.CH, 
vi ~ 
HEC AsBr, 
AS a3 
CH,.CH, 


is an impure, reddish oil obtained when dibromomethylarsepidine is 
warmed or allowed to stand in vacuo.'#** 


C.H, 
Phenarsazine bromide, HN AsBr, forms yellow crystals upon 
C.H, 


heating diphenylamine with arsenic tribromide.14?® 


7,12-Dihydro-y-benzophenarsazine bromide, [7-Bromo-?7,12-dihydro- 
C,H. 


y-benzophenarsazine|], HN AsBr, results upon refluxing the cor- 


es 
Cily 


responding phenoxy compound with an excess of concentrated hydro- 
bromic acid. It crystallizes from xylene in dark yellow needles, m. p. 
227°, soluble in benzene, toluene, xylene or glacial acetic acid, insoluble 
in water, and unaffected by dilute alkalis.t#?2 
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Phenozarsine bromide, O AsBr, is obtained from the corre- 
C.H, 


sponding chloride by treating with sodium bromide in warm methyl 

alcoholic solution, or by refluxing the corresponding oxide with concen- 

trated hydrobromic acid. It consists of yellow crystals, m. p. 128°.14% 

7,12-Dihydro-y-benzophenarsazine iodide, [7-Iodo-7,12-dihydro-y- 
C,H. 


benzophenarsazine|, HN AsI, derived from the corresponding 


< 
CH, 


phenoxy compound or oxide by warming with dilute hydriodic acid, 
crystallizes from xylene in beautiful red needles, m. p. 205°, soluble 
in benzene, toluene, xylene or glacial acetic acid.1*?? 


CoH 
Phenoxarsine iodide, O AsI, crystallizes from ethyl alcohol 
C,H, 


in bright yellow needles, m. p. 144°, easily soluble in benzene, slightly 
so in methyl or ethyl alcohol. It is prepared from the corresponding 
chloride by treating with potassium iodide in methyl alcoholic solu- 
tion.1*8? 

C.H, 


7 
Phenoxarsine thiocyanate, O AsCNS, prepared from the 
fo 
C.H, 


chloride and potassium thiocyanate in ethyl alcoholic solution, crystal- 
lizes in bright, yellow, monoclinic prisms, m. p. 129°.**%° 


CoH; (NOz) 


o- and p-Nitrophenarsazine chlorides, HN AsCl, to- 
me ve 
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gether with the corresponding dinitro compound are obtained upon nitrat- 
ing phenarsazine chloride. The two isomeric mononitro derivatives are 
dissolved upon digesting the mixture with cold acetone, the solution con- 
centrated and allowed to cool, whereupon the last trace of dinitro com- 
pound separates out. The filtrate is then evaporated to dryness, the 
residue extracted with warm benzene, and the resulting solution evapo- 
rated to dryness. The ortho derivative is then removed by means of 
ether. It crystallizes from benzene or glacial acetic acid in scarlet 
needles, m. p. 156°. The para isomer separates from glacial acetic acid 
as dark greenish-yellow leaflets yielding a carmine-red solution with 
hydrogen peroxide in dilute alkaline solution, while with the ortho com- 
pound a brownish-red salt is obtained.**** 


CoH; (NO,) 


™ 
p,p’-Dinitrophenarsazine chloride, HN AsCl, is ob- 


be 
C.H;(NOz) 


tained upon nitrating phenarsazine chloride with fuming nitric acid in 
glacial acetic acid solution at 18-20°. On standing, the dinitro com- 
pound separates out along with the o- and p-mononitro derivatives which 
are removed by cold acetone. The dinitro product crystallizes from 
nitrobenzene in light yellow needles, m. p. above 300°, which are oxidized 
to the corresponding arsazinic acid upon warming the dilute alkaline 
suspension with perhydrol. By adding a few drops of aqueous caustic 
soda to its alcoholic suspension, a reddish-violet solution of a quinoid- 
aci-nitro salt is obtained, which is decomposed upon the addition of 
water.'*° 


m-Aminophenarsazine chloride, 


is isolated in the form of yellowish-green leaflets of its hydrochloride 
upon heating 3-aminodiphenylamine and arsenic trichloride at 140-70° 
for five hours. When treated with sodium carbonate it forms the corre- 
sponding arsineoxide, while upon oxidation with perhydrol in alkaline 
solution it yields the arsazinic acid.4*¢ 
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p-Aminophenarsazine chloride, 
AsCl 


is the main product formed in the reduction of the corresponding nitro 
arsazinic acid with powdered iron and a small amount of ferric chloride, 
but it is more easily obtained by reducing the corresponding amino 
arsazinic acid with sulfur dioxide in concentrated hydrochloric acid 
containing a little hydriodic acid. It is known only in the form of its 
hydrochloride, which consists of lustrous, yellowish-green leaflets soluble 
in water, and extremely irritating to the mucous membranes of the eyes, 
nose and throat. It yields the corresponding oxide with soda, and 
forms a violet-red dyestuff with hydrogen peroxide in alkaline suspen- 
aione< 


Hydrochloride of m-aminoarsanthrene chloride, 


AsCl 
a oo 
No SS 
Ve TS NH,.HCl 
BA CN pe 
AsCl 


results when a solution of m-aminodiphenylarsinic-o-arsonic acid in 
concentrated hydrochloric acid, to which a trace of potassium iodide has 
been added, is reduced with sulfur dioxide at 60-70°. It separates in 
colorless, amorphous flakes which may be occasionally obtained crystal- 
line by saturating its dilute aqueous solution with hydrogen chloride. 
It yields no dyestuffs with oxidizing agents in alkaline medium, but 
when treated with sodium carbonate in aqueous solution it is converted 
into the oxide which upon warming with perhydrol is oxidized to 


m-aminoarsanthrenic acid.1#® 
Baad Sole - 
ae. >: 


Phenarsazine oxide, HN < y: As—O— As .G » NH, 


Cor ge eee Cay. 
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may be derived from phenarsazine chloride by treatment with alkalis,"*** 


crystallizing from 80 per cent acetic acid, in pale yellow crystals, and 
from nitrobenzene or pyridine in colorless leaflets, m. p. above 350°. 
It is extremely irritating to the mucous membrane of the nose and 
mouth, is practically insoluble in alcohol, acetone, benzene, chloro- 
form, ether, alkalis or dilute acids, readily soluble in acetic or concen- 
trated sulfuric acid, is unaffected by alkalis even on heating, and behaves 
like an acid anhydride with alcohols forming ethers. Upon boiling with 
glacial acetic acid it is converted into the corresponding acetate. 


7,12-Dihydro-y-benzophenarsazine oxide, 
CoH. CioHe 


HN As — O— As NH, 


naa Nog. 


is a pale yellow precipitate which does not darken or melt below 250°, 
is soluble in glacial acetic acid, and insoluble in benzene, xylene or 
carbon tetrachloride. It is formed upon adding ammoniacal silver oxide 
to a xylene solution of the corresponding chloride.'**° 


C.H, C.Hy 
. ~ fi 
Phenoxarsine oxide, O As— O— As O, results upon 
eo =~ 
OAT C,H, 


treating phenoxarsine chloride with either alkalis, sodium methylate 
or ethylate, or with ammonia in alcoholic or benzene solution. It erys- 
tallizes from alcohol in needle-like fibers, from hot benzene in large 
diamond-shaped crystals, m. p. 182°, soluble in all common organic 
solvents, but insoluble in aqueous alkalis. It is readily converted into 
the corresponding halide by haloid acids.'** 


Diphenylenediarsineoxide (Arsanthrene oxide), 


As 
ice deo 


SG 
Oy ane Pe Sa: 
As 


prepared by treating the corresponding dichloride with aqueous sodium 


carbonate, crystallizes from alcohol in tetragonal leaflets, m. p. 196°, 
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sublimes undecomposed at low pressures in an atmosphere of carbon 
dioxide, is easily soluble in benzene, chloroform or carbon bisulfide, and 
difficultly in ether or alcohol. The ethereal solution becomes turbid on 
standing, due to the formation of a very difficultly soluble unidentified 
substance. The oxide is converted into the dichloride by treatment 
with ethereal hydrochloric acid in the presence of calcium chloride. 
Upon reduction it yields arsanthrene.*4# 


CoH, 
‘SS . 
Methoxyphenarsazine, HN As.O.CHs, from the chloride and 
CeH, 


sodium methylate, crystallizes in long, colorless needles, m. p. 194°, 
easily saponified by boiling water or alkalis to the corresponding oxide.'*#2 


CioH<. 


7-Methoxy-7,12-dihydro-y-benzophenarsazine, HN AsOCHs,, 


~ 
C.H, 


similarly prepared, separates from xylene in almost colorless crystals, 
m. p. 209°, soluble in benzene, acetone or carbon tetrachloride, insoluble 
in water, and decomposed by aqueous caustic soda. The ethoxy com- 
pound consists of colorless crystals, m. p. 165°, soluble in the common 
organic solvents, and decomposed by caustic soda. The n-propoxy 
derivative forms pale yellow crystals, m. p. 152°, soluble in benzene, 
acetone or carbon tetrachloride and attacked by hot alkalis. The 
n-butory compound partially softens at 120°, but does not melt com- 
pletely up to 260°, is soluble in benzene, acetone or glacial acetic acid, 
and is unstable in alkalis. The phenoxy compound crystallizing in 
yellow needles, m. p. 179°, and the almost colorless benzyl ether, m. p. 
154°, behave like the alkyl ethers with various solvents or caustic 


alkalis.1*** 
>. a 
Phenarsazine sulfide, HN “ > As—S—As S—< NH, is 
cz ae 


ay, 


obtained upon saturating a methyl! alcoholic solution of the correspond- 
ing oxide or methoxy compound with hydrogen sulfide. It crystallizes 
from chloroform or benzene-acetone in felted needles or leaflets, m. p. 
262°, from which hydrogen sulfide is split off on heating in high-boiling 
solvents, yielding phenarsazine.'*** 
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7,12-Dihydro-y-benzophenarsazine sulfide, 


C,.Hs CioH. 
va 
NH As—S—As NH, 
mentees < 
GH CsHy 


from the corresponding chloride and hydrogen sulfide in absolute ethyl 
alcohol, is a yellow precipitate, m. p. 204-5°, insoluble in the common 
organic solvents.’*?? 


C,H CeH, 
, he fo 
6-Phenoxarsine sulfide, O As—S—As O, prepared 
KY 
GAA CH; 


like the preceding compound, crystallizes from glacial acetic acid in 
straw-colored needles, m. p. 161°, and insoluble in the usual solvents.1*** 


Calls C.eH, 
x Vi 
6,6-Bisphenoxarsine (Phenoxycacodyl), O As— As O, 
ys re eee 
Gyo C.H, 


results upon reducing the corresponding oxide with phosphorous acid in 
boiling absolute alcoholic solution. It crystallizes in bright yellow 
needles, m. p. 159°, soluble in benzene, chloroform or hot acetic acid, 
slightly in hght petroleum-ether, and insoluble in hot or cold water, 
alcohol, ether, hot dilute alkalis or hydrochloric acid. Upon exposure to 
air it slowly oxidizes to a mixture of the oxide and phenoxarsinic 
acrd 69 


Arsenothiophene, 8.C,H;As = As.C,H;.8, is obtained by the reduc- 
tion of the corresponding arsineoxide with sodium hydrosulfite.% 


8,4,9’ ,4’-Tetrahydroarsenobenzodioxazolone, 


As———————— Ag 
Pax go 
Ce ee 
rd 4 
PEN: At | 
OC —O O — CO 


is derived from the corresponding arsonic acid by reducing its alkaline 
solution with sodium hydrosulfite in the presence of magnesium chloride, 
at 60° in an atmosphere of carbon dioxide. It forms a pale yellow, 
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granular powder, insoluble in water, aqueous sodium carbonate or the 
usual organic solvents, but readily sali In aqueous sodium hydroxide. 
Its sodium salt is a pale yellow, fairly stable powder readily soluble in 
water, sparingly in alcohol, and insoluble in ether.14# 


5,5’-Arseno-1,3,1’ ,3’-benzodiazole, 
NH NH 


PO a 
eee 
Nisam Ne As = AS Vata N 

orn Swi 


similarly prepared from the corresponding arsonic acid, is a bright yellow 
powder practically insoluble in water, methyl alcoholic hydrochloric 
acid or the usual organic solvents, but dissolves in dilute hydrochloric 
or 50 per cent acetic acid. The dihydrochloride contains 2H,0, and is 
a pale yellow powder soluble in water, very sparingly in methyl or ethyl 
alcohol, and insoluble in acetone or ether. as 


2,2’-Dimethyl-5,5’ -arseno-1,3,1’ ,3’-benzodiazole, 


NH NH 
ae Mae sas Vi ON 
H,C.C | A ) ES CECH, 
on ag ae 


A 
prepared like the two preceding compounds, y aay a pale yellow dihydro- 
chloride containing 3H,0, soluble in water, practically insoluble in ether, 
acetone, methyl or ethyl alcohol.*'” 


7,7’ -Dimethyl-5,6’-arseno-1,3,1’ ,3’-benzodiazole, 


NH CH, CH, NH 
a ee NT ee 
sil os | )™ 
ae baie aN 


Due yA 


is a pale yellow powder, insoluble in water or the usual organic see 
vents, but moderately soluble in acetic acid. The dihydrochloride is 
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pale yellow, granular powder soluble in water but insoluble in organic 
solvents.1445 
Cie: eg e 5’-arseno-1,3,1’,3’-benzodiazole, 


NH CH, NH 
gio’ AN ries aoe 


{ ing pe aie 


ox N 


H,0.0/, 


and its dihydrochloride, ee the ae arseno compounds with 
regard to method of preparation, physical and chemical properties.***° 


4/-Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone) is — ob- 
tained by reducing the corresponding nitroso arsonic acid with sodium 
hydrosulfite at 60-65°. Its dihydrochloride, prepared by dissolving the 
base in methyl alcoholic hydrochloric acid and precipitating with ether, 
forms yellow crystals easily soluble in water or methyl! alcohol.1*# 


N -4’ -Arsenodt(1 - phenyl-2,3-dimethyl-4-amino-5-pyrazolone) -mono- 
acetic acid, prepared by heating an aqueous suspension of the above base 
with bromoacetic acid at 60°, is a yellowish powder soluble in hydro- 
chloric acid, aqueous sodium hydroxide or carbonate, difficultly so in 
water, and insoluble in alcohol. By employing an excess of bromo- 
acetic acid in the above reaction, a diacetic derivative is obtained.'*** 


N -4’-Arsenodi(1- phenyl- -2,3-dimethyl-4-amino-5-pyrazolone) -mono- 
methylenesulfoxylic acid is obtained by the action of formaldehyde sulf- 
oxylate on either the hydrochloride of 4’-arsenodi (1-phenyl-2,3-dimethyl- 
4-amino-5-pyrazolone) or 1-(phenyl-4’-arsonic acid) -2,3-dimethyl-4- 
nitroso-5-pyrazolone. It forms a yellowish powder soluble in aqueous 
alkalis or hydrochloric acid, difficultly in water, and insoluble in aleohol. 
Its yellow alkali salts are easily soluble compounds. A dimethylene- 
sulfoxylic acid derivative is obtained with a larger excess of formalde- 
hyde sulfoxylate.‘*4® 


N-4’-Arsenodi (1 -phenyl-2,3-dimethyl-4-amino-5-pyrazolone) methyl- 
enesulfurous acid, is similarly prepared by employing sodium bisulfite 
and formaldehyde. It is a yellow powder soluble in acids or alkalis, 
and insoluble in water, ether or benzene.'** 


5 - (3 - Amino - 4 - hydroxyphenylarseno) benzimidazole | 3’-Amino-4’- 
hydroxy-1,3-diazole-5-1'-arsenobenzene], 
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AX 
HOS Das = As _ es 
4 ne 


results upon reducing a mixture of molecular proportions of 3-amino- 
4-hydroxyphenylarsonic and 1,3-benzodiazole-5-arsonic acids with 
sodium hydrosulfite in the usual manner. It is readily soluble in aqueous 
sodium hydroxide or methyl alcoholic hydrochloric acid. The hydro- 
chloride is a pale yellow powder containing 3H,0, readily soluble in 
water or methyl alcohol, less so in ethyl alcohol, and almost insoluble 
in ether or acetone. It decomposes at 206° without previous melting.1*47 


CH,.CH, 
Phenylcyclotetramethylenearsine, As.C.H;, obtained in 
CH,.CH, 


absolute ethereal medium by the interaction of phenyldichloroarsine 
and the Grignard reagent prepared from 1,4-dibromobutane, is a color- 
less, mobile oil with a faint, unpleasant odor, b. p. 128.5°/15-16 mm., 
D a 1.2824, D Fi 1.2794, unaffected by air or light at ordinary tem- 
perature, easily soluble in alcohol, ether or most organic solvents, and 
but slightly in water. Its mercurichloride crystallizes from hot chloro- 
form in beautiful hexagonal leaflets, m. p. 160-2°, easily soluble in 


pyridine but difficultly in the other organic solvents.'*#* 


Methylcyclopentamethylenearsine (Methylarsepidine), 
CH,.CH, 


Ve A 
CH, As.CH,, 
CH,:CH, 


prepared from methyldichloroarsine and the Grignard reagent from 
1,5-dichloropentane in the absence of air, is a colorless, refractive liquid 
with an odor of mustard oil, D 1.218/18°, b. p. 156°/760 mm., 76° /36 
mm., 65°/20-22 mm., soluble in alcohol, ether, ligroin, benzene or carbon 
tetrachloride, insoluble in water or hydrochloric acid, and oxidizing in 
air to a colorless oxide. It slightly reduces ammoniacal silver nitrate 


466 ORGANIC ARSENICAL COMPOUNDS 


or alkaline permanganate solution; combines additively with halogens, 
methyl iodide or chloroplatinic acid, and yields free arsenic with strong 
reducing agents. It is decomposed when heated in a closed tube either 
alone or with calcium oxide; with hydriodic acid and red phosphorus 
at 230° for five hours it yields arsine, arsenic triiodide and a very 
volatile, inflammable liquid, probably pentane. It undergoes complete 
oxidation when heated with concentrated nitric acid in a sealed tube at 
250-80° for eight hours.***® 


CH, 
Pie aie A 
The platinichloride, |} (CH.);>As—H 2PtCl,, is a pale yellow 
Cl 


powder, m. p. 163°, soluble in alcohol but sparingly in water.**°° 


Ethylcyclopentamethylenearsine (Ethylarsepidine), (CH.);As.C.Hs, 
similarly prepared from ethyldichloroarsine and a Grignard solution of 
1,5-dibromopentane, is a liquid with an ethereal odor, b. p. 62-4°/12.5 
mm.1?97 


Phenylcyclopentamethylenearsine (Phenylarsepidine), 
(CH,)sAs.C.Hs, 


is a colorless, viscous oil of a faint, unpleasant odor, b. p. 153-4°/18-20 
mm. in carbon dioxide, miscible with ether, benzene or carbon tetra- 
chloride, easily soluble in hot alcohol, but only slightly so in water. 
It may be obtained either like the corresponding methyl and ethyl 
derivatives, or by condensing 1,5-dichloro- or dibromo pentane with 
phenyldichloroarsine by means of metallic sodium in absolute ether in 
the presence of a small quantity of ethyl acetate.t#? 

Its readily decomposable mercuriacetate crystallizes in long needles 
easily soluble in the usual solvents. With calcium chloride in methyl 
alcoholic solution it yields the corresponding mercurichloride which crys- 
tallizes from chloroform in long needles, m. p. 201.5-2°.14°2 


4-Methylphenylarsepidine, (CH.);As. (CsHs.CHs), prepared like the 
corresponding phenyl compound, is a colorless, viscous oil having a 
faint, unpleasant odor, b. p. 162-3°/20 mm., 177-8°/50 mm. in car- 
bon dioxide, readily soluble in ether, ligroin, benzene, carbon tetra- 
chloride or hot alcohol, and slightly so in water. Its mercurichloride 
crystallizes from chloroform in long needles, m. p. 175°, very diffi- 
cultly soluble in all solvents except pyridine, in which it readily dis- 
solves.1455 
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CH, 
TA ey OS 
Zo SU Se 
As-Methyltetrahydroarsinoline, _—A mixture 
~ @EF 
Ne 
AsCH, 


of y-phenylpropylmethylchloro- or bromoarsine, carbon bisulfide and 
aluminium chloride is gently boiled for three hours, decomposed by ice, 
and the whole acidified and extracted with carbon tetrachloride. Upon 
distilling the extract under diminished pressure, a slightly impure product 
is obtained as a colorless, highly refractive liquid, b. p. 140°/14 mm. 
with an odor slightly resembling that of quinoline. It slowly oxidizes 
in air, and is soluble in concentrated sulfuric acid. Another method of 
preparation consists in gently heating the above chloroarsine with ben- 
zene in the presence of aluminium chloride. 

The platinichloride is a yellow, microcrystalline powder, m. p. 170°, 
the picrate and picronolate are well-defined, yellow crystalline salts, 
while with methyl iodide the arsinoline forms an additive compound 
which crystallizes from alcohol or water in colorless prisms, m. p. 235°.?1° 

Trithienylarsine, (S.C,H;)3As, formed along with the mono and di- 
thienylhalogenated arsines by the interaction of mercury dithienyl and 
arsenic trichloride, is obtained from the fraction boiling above 190°/11 
mm. by concentrating and redistilling with the aid of a Gaede pump. 
It is a pale yellowish-green, viscous, almost odorless liquid, b. p. 199- 
200.5° /0.5 -mm."418 


Phenarsazine, , 1s prepared by boiling 
ae oso 
ava VY SH 


phenarsazine methyl ether with freshly distilled diphenylmethylamine. 
An impure product may be obtained by heating any of the phenarsazine 
derivatives in vacuo or high-boiling solvents above 200°, when the 
residue attached to the arsenic and the hydrogen of the imino group are 
split off. The dry, coarsely crystalline product melts at 310°, is stable 
in dry air, easily soluble in nitrobenzene, diphenylmethylamine, ether or 
concentrated sulfuric acid, and difficultly in hot xylene. Moisture con- 
verts it into the corresponding oxide. It forms addition products with 
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alcohols, phenol, glacial acetic acid, amines or hydrochloric acid, all of 
which, with the exception of the last, may be resolved into their original 
components.'*** 


GI 


As-Ethylphenoxarsine, eae iS ae } is derived from 
S 


Nes EH 


the corresponding chloro derivative by treating with ethylmagnesium 
iodide in absolute ether. It crystallizes in white needles, m. p. 218°, 
soluble in alcohol, ether or benzene, and forms an arsonium compound 
with ethyl iodide.14*° 


Diphenylenediarsine (Arsanthrene), 


As 
No dah ey a 
Ve ie © ee 


\ ; 
m4 \/ i 


Prepared by reducing the corresponding dichloride with zine and fuming 
hydrochloric acid in warm alcohol, or by boiling the oxide with alcoholic 
phenylhydrazine. It crystallizes in orange-yellow, rhombic leaflets, m. p. 
340°, very difficultly soluble in glacial acetic acid, pyridine or phenyl- 
hydrazine, and insoluble in the usual solvents.'*# 


2. Pentavalent Compounds. 
CH = 6: ani AsO,;H, 


Thienyl-2-arsonic acid, | : S 


o 
CH = CH 


Thiophene-2-mercurichloride is treated with arsenic trichloride, the 
filtered solution rendered alkaline, and oxidized with hydrogen peroxide, 
when a mixture of the arsonic and corresponding arsinic acids is ob- 
tained. These are converted into the sodium salts in the presence of 


S 
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absolute alcohol, the arsonate crystallizing out, while the arsinate remains 
in solution. The free arsonic acid crystallizes from water in needles, 
m. p. 135.5°, easily soluble in water, alcohol, ethyl acetate or acetone, 
but difficultly in ether, chloroform or ligroin. At 105-8° it is converted 
into the anhydride, S.C,H,.AsO,. On reduction with sulfurous acid, 
it forms the corresponding arsineoxide. 


Salts—The monosodium salt consists of rhombic scales easily soluble 
in water; the neutral magnesium salt is a white, crystalline precipitate; 
the acid barium salt, which is a white, crystalline precipitate soluble in 
cold but less so in hot water, is converted into the neutral salt on 
boiling with ammonia; the disilver salt is an amorphous, white precipi- 
tate soluble in ammonia or acids.1*? 


AsO,H; 
LOX 
(aaa 


3,4-Dihydrobenzoxazolone-1-arsonic acid, An alka- 


| 6 — Co 

line solution of 3-amino-4-hydroxyphenylarsonic acid is treated with 
a toluene solution of carbonyl chloride at low temperature, and the 
aqueous layer first extracted with ether, and then acidified with hydro- 
chloric acid, where the oxazolone separates as a sandy, crystalline pre- 
cipitate. It crystallizes from boiling water in colorless, prismatic needles 
decomposing at 250° without melting, sparingly soluble in alcohol, and 
readily in boiling water. On reduction with sodium hydrosulfite it yields 
the corresponding arseno compound.'**4 


2-Methylindole-3-arsonic acid (Methylketolearsonc acid), 


NH 
aN aes 
ree ne )C-CH: 


email C.AsO,H, 
ed 


results upon warming a mixture of methyl ketole and arsenic acid. It 
crystallizes in white needles, m. p. 180-2°, easily soluble in alcohol, 
glacial acetic acid or dilute caustic soda, but insoluble in the other 
organic solvents. Its sodium salt, containing 214H.O, melts at 225-35° 
with decomposition, and is readily soluble in water, while the quinine 
salt separates from diluted methyl or ethyl alcohol in fine needles 


? 
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sintering at 155°, melting at 170-2°, and insoluble in chloroform or 
ether.14°° 


5-Chloro-2-methylindole-3-arsonic acid, 


NH 
Js Sa 
NAMES Cree 


ale Jd CG. AsO.H, , 
De 
is obtained by treating a toluene solution of 5-chloro-2-methylindole 
with a solution of arsenic acid in alcohol, and refluxing the mixture for 
2 hours. The compound crystallizes from dilute alcohol, and melts at 
185-6° with decomposition.***® 


a-Naphthindolearsonic acid, Ci.H;N.AsO;H;, similarly prepared 
from a-naphthindole, is difficultly soluble in alcohol and insoluble in 
the other organic solvents.1*°° 


1,8-Benzodiazole-5-arsonic acid, 


NH 
es. 
NE 


H,0,As ji N 
Wwe 


is derived from 3,4-diaminophenylarsonic acid by refluxing with glacial 
formic acid. It crystallizes from water in clusters of minute prisms 
decomposing at about 297°.1457 


7-Methyl-1,3-benzodiazole-5-arsonic acid, 


H,0,As ae N 


similarly prepared from 3,4-diamino-5-methylphenylarsonic acid, crys- 
tallizes in minute, prismatic needles, m. p. 300° with decomposition, 
sparingly soluble in water.‘4°s 
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2-Methyl-1,3-benzodiazole-5-arsonic acid, 
NH 


H,0,As ae 
bg 


is formed upon heating 3,4-diacetyldiaminophenylarsonic acid with ten 
parts of water in a sealed tube at 130°. It crystallizes in minute needles 
with 214H.O and decomposes at 270°.11° 


2,7-Dimethyl-1,3-benzodiazole-5-arsonic acid, 


CH, NH 
ieee PAS 
y i CH, 
HOAs) N 
ee 


crystallizes from hot water in minute, prismatic needles containing 2H,0. 
It is obtained by the prolonged action of boiling acetic acid upon 3,4- 
diamino-5-methylphenylarsonic acid.1#*® 


7-Methyl-1,2,3-benzotriazole-5-arsonic acid, 


CH. NH 
Pes 
y in | ' 
H,0,As x N 
Se 


is formed upon treating a dilute hydrochloric acid solution of 3,4-diamino- 
5-methylphenylarsonic acid with one molecular proportion of sodium 
nitrite. It crystallizes from 50 per cent alcohol in lustrous needles, 
decomposing above 280°, sparingly soluble in water, but more readily 
in alcohol.*4** 


1-(Phenyl-4’-arsonic acid) -3-methyl-5-chloropyrazole —1 ,4’-Amino- 
phenyl-3-methyl-5-chloropyrazole is diazotized with sodium nitrite in 
hydrochloric acid solution, treated with an alkali arsenite, and the prod- 
uct precipitated by acidifying. When rapidly heated it melts at 192-5°, 
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forming the corresponding anhydride, which upon continued heating 
resolidifies and decomposes above 290°.1*#° 


1-(Phenyl-4’-arsonic acid)-3-methyl-5-pyrazolone results upon di- 
azotizing p-arsanilic acid, reducing the diazo solution with stannous 
chloride, and condensing the resulting phenylhydrazinearsonic acid with 
acetoacetic ester. The compound is easily soluble in alkalis, but only 
sparingly in cold water.1*#® 


1-(Phenyl-4’-arsonic acid) -2,3-dimethyl-5-pyrazolone is prepared by 
methylating either of the two preceding compounds with dimethyl 
sulfate at 120°, and subsequently heating with aqueous sodium carbonate 
at 95°. It is easily soluble in dilute acids or alkalis.14*® 


Quinaldinearsonic acid (a-Methylquinolinearsonic acid), 
CH 
TIVES 
Ke ar \\cu 
| 


| , 
Se Pee 
SAS 


p-Arsanilic acid is treated with acetaldehyde, and the resulting product 
dissolved in hydrobromic acid (d, 1.49). The yellow, crystalline sub- 
stance which separates is then washed with water, dissolved in alcohol, 
and reprecipitated with water. The product begins to decompose at 
140°, is completely charred at 170°, is soluble in alcohol, and insoluble 
in water, ether, alkalis or mineral acids. Upon reduction with sodium 
and ethyl alcohol it yields the corresponding arsineoxides.'4°° 


1-(4’-Arsonophenyl) -2-phenyl-4,5-diketopyrrolidine,* 
COCO 


| 
H.0,AsC,H.N CHCH,, 
| 
C.H, 


results upon refluxing a mixture of equimolar amounts of p-arsanilic 
acid and benzaldehyde in absolute alcohol until most of the acid is 
dissolved, adding one molecular proportion of pyruvic acid or ethyl 
pyruvate, and boiling for 3$-4 hours. The crude product, which sep- 
arates from the filtrate upon cooling, may be purified by recrystallizing 


Nore. This compound had previously been described as 2-Phenylquinoline-4- 
carboxylic acid-6-arsonic acid. 
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from alcohol, and consists of a cream-colored powder, m. p. 186-7° with 
decomposition. It forms a neutral disodium salt, a slightly alkaline tri- 
sodium salt, and gives off one mole of carbon dioxide upon boiling 
in ethyl benzoate. From a solution of the disodium salt, copper sulfate 
precipitates a green salt; silver, lead, mercurous, mercuric and cadmium 
nitrates yield light yellow salts, while with cobalt and ferric nitrates, 
reddish-brown salts are formed.'4® 154 


1 - (4’- Arsonophenyl) - 2 -(4’- chlorophenyl) -4,5-diketopyrrolidine is 
similarly obtained, employing 4-chlorobenzaldehyde. It is a white 
powder, m. p. 163-5° with decomposition.’ 


1- (4’-Arsonophenyl) - 2-(2’- methoxyphenyl) - 4,6 - diketopyrrolidine, 
from salicylaldehyde methyl! ether, is a pale yellow powder, m. p. 173-6° 
with decomposition.'** 


1-(4’-Arsonophenyl) - 2 - (4’- methoxyphenyl) - 4,5 - diketopyrrolidine, 
similarly prepared from anisaldehyde, consists of almost white crystals, 
m. p. 164-5° with decomposition.’®* 


1- (4/-Arsonophenyl) -2- (3’,4’-methylene dioxyphenyl) -4,5-diketopyr- 
rolidine, from p-arsanilic acid, piperonal and pyruvic acid, is a light 
yellow powder, m. p. 176-8° with decomposition.1** 


1-(4’-Arsono-3’-methylphenyl) -2-phenyl-4,5-diketopyrrolidine from 
4-amino-2-methylphenylarsonic acid, benzaldehyde and pyruvic acid, is 
a cream-colored powder, m. p. 180-6° with decomposition.?®* 


1-(4’-Arsono-3’-methoxyphenyl) -2-phenyl-4,5-diketopyrrolidine, sim- 
ilarly obtained by employing 4-amino-2-methoxyphenylarsonic acid, is a 


yellow powder melting at 175-6° with decomposition.*** 


Phenanthrophenazinearsonic acid (Diphenylenequinoxalinearsonic 


N — Gy Galle 
acid) , CLS. , is derived from 3,4-diaminophenylar- 
N = . C,H: 


sonic acid by treating its hot methyl] alcoholic solution with a hot glacial 
acetic acid solution of phenanthrenequinone (1 mol.). The pale yellow 
product neither melts nor decomposes below 300°, is very sparingly 
soluble in the usual solvents, but dissolves in aqueous sodium carbonate, 
concentrated sulfuric or nitric acid.1'°° 
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4-Methylphenanthrophenazine-2-arsonic acid, 


ras 
a 
N 
Ue 
ne WA OSS eauiae 
i‘ ve } 
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| | N CH; 
Nee 
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is obtained by condensing molecular proportions of 3,4-diamino-5-methyl- 
phenylarsonic acid and phenanthroquinone in acetic acid solution. It 
forms an amorphous, yellow powder sparingly soluble in water or the 
usual organic solvents, but readily in concentrated mineral acids. It 
also dissolves in dilute sodium hydroxide or carbonate, the sodium salt 
being precipitated upon the addition of an excess of the reagent.*#°® 


Phenazine-2,7-bisarsonic acid, 


N 
fee | eee 
» \ As0;H; 


H,0,As x Oe. 
Ne We ee 


prepared by treating a warm dilute sulfuric acid solution of p-arsanilic 
acid with ammonium persulfate, and purifying through the sodium salt, 
crystallizes with 1H.O, does not melt below 300°, is insoluble in water 
or the usual organic solvents, very sparingly in alcohol or acetic acid, 
and dissolves in concentrated sulfuric acid with a blood-red colora- 
tion. At 150° it loses 2H,O, forming an inner anhydride. Its tetra- 
sodium salt consists of a buff-colored crystalline powder containing 
11H,0, soluble in cold water but insoluble in alcohol. On standing 
in vacuo it loses 1$H,O and turns bright red in color.'4* 
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4,9-Dimethylphenazine-2,7-bisarsonic acid, 


CH; 
ae JN TaN 


SA Nae, 
H,0,As hee 


<2 NY 
Si, 


similarly prepared from 4-amino-3-methylphenylarsonic acid, is a buff- 
colored powder having the same properties as the preceding compound.1*® 


5-Nitrothienyl-2-arsonic acid, CH = C— AsO;H,, obtained by 
Ss 
VA 
(O.N)C== CH 


nitrating the corresponding arsonic acid with a mixture of fuming nitric 
and concentrated sulfuric acids, crystallizes from water in small prisms, 
melting at 194° when rapidly heated, but remaining unmelted up to 
250° on slow heating. It is soluble in alkalis, boiling glacial acetic 
acid, alcohol or water, sparingly in cold water and. insoluble in chloro- 
form or ether.?°? 


4-Nitroso-1-(phenyl-4’-arsonic acid) -2,3-dimethyl-5-pyrazolone is a 
very unstable, bluish-green substance obtained by treating 1-(phenyl- 
4’-arsonic acid)-2,3-dimethyl-5-pyrazolone with sodium nitrite and 
dilute sulfuric acid. Upon reduction with sodium hydrosulfite at 60-5°, 
it yields the corresponding arseno compound.***® 


5-Aminothienyl-2-arsonic acid, CH = C — AsO;H,, results upon 


x 
S 


ve 
(HN) C= ©,H 


reducing the corresponding nitro acid either with sodium hydrosulfite, 
or with sodium amalgam in methyl] alcoholic solution. It crystallizes in 
leaflets, m. p. 194° with complete decomposition, soluble in boiling 
glacial acetic acid, but difficultly in the other organic solvents. Its 
hydrochloride is a crystalline mass soluble in water or alcohol, but in- 
soluble in ether.?” 
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das ria acid, 


ys IKE 


\ NH, 
H,O,As 


is obtained as a brick-red acetate by condensing 3-nitro-4-triazophenyl- 
arsonic acid with o-phenylenediamine in glacial acetic acid medium, and 
precipitating with ether. It is readily soluble in glacial acetic acid or 
dilute hydrochloric acid, sparingly in alcohol, and insoluble in alkalis. 
By neutralizing the acid solution with ammonia, the impure base is 
precipitated. The latter cannot be readily purified.**® 


Azimidophenazine-7-arsonic acid, 


N 
ie ey a eS 
Ee & 


H,0,A 
: \ 


SS 
eA Se Se 


is a brown powder insoluble in alkalis, formed upon diazotizing the 
preceding compound in acetic acid solution.'** 


6-Acetylaminothienyl-2-arsonic acid, 
CH = C— AsO;H,, 
8 


Vk 
(CH.CO FIN) Gas GH 


crystallizes from water in white prisms, m. p. 134° with decomposition 
on rapid heating, but unmelted up to 200° with slow heating. It is 
easily soluble in alcohol, glacial acetic acid or hot water. 
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2,3-Di(acetylamino) phenazine-7-arsonic acid, 


N 
BS Ay EO ONS 
ee N/E ON ae (COCH,) 


? 


h,0,As NH (COCH;) 
~ \ Pe a 
7 VY WA 


is a yellowish-brown powder soluble in alkalis, resulting upon boiling the 
corresponding diamino compound with acetic anhydride in acetic acid 
solution.1#6 


2 or 3-Dimethylaminophenazine-7-arsonic acid may be produced by 
condensing dimethylaniline with either 3,4-dinitrosophenylarsonic acid 
or 3-nitro-4-triazophenylarsonic acid. The compound has a blue color, 
is readily soluble in alcohol, glacial acetic acid or aqueous caustic 
soda, less so in sodium carbonate, and sparingly in water, ether or 
benzene.°*6 


2 or 8-Dimethylaminophenazine-8-arsonic acid, similarly prepared 
from 2-nitro-3-triazophenylarsonic acid, has a reddish tinge, is readily 
soluble in alcohol or glacial acetic acid, but insoluble in caustic 
Bona,iA66 


2,2’-Dithienylarsinic acid, 


AsO.OH 
aS 
eA a 
Che Gy ——— tO ei 
a a 
5 S 
th 4 | 
CH — CH CH = CH 


is formed as a by-product in the preparation of thienyl-2-arsonic 
acid. After the latter has been precipitated as the sodium salt in 
alcoholic medium, the filtrate is evaporated to dryness, taken up with 
dilute hydrochloric acid, and the crude arsinic acid recrystallized 
from hot water. It separates as prismatic needles, m. p. 172°, soluble 
in alcohol, difficultly so in cold water, and insoluble in ether or ben- 
zene, 1°» 
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Phenarsazinic acid, 


SS ~ 
NH 


obtained by oxidizing either phenarsazine chloride in glacial acetic 
acid,'*®° or the corresponding oxide in dilute caustic soda, with perhy- 
drol.1#°° It crystallizes from dilute acetic acid with 1CH,COOH in color- 
less needles, m. p. above 300°, soluble in dilute alkalis and insoluble in 
acetone, ether or alcohol. Its colorless sodium salt crystallizes in felt- 
like needles difficultly soluble in excess of alkali. 


CioH, 
y-Benzophenarsazinic acid, HN As(OH)s, results upon oxidiz- 
C.H, 


ing the corresponding chloride with hydrogen peroxide in glacial acetic 
acid. It crystallizes from the latter in almost colorless needles remain- 
ing unmelted below 260°, soluble in alkalis or glacial acetic acid, and 
insoluble in the other organic solvents. At 150° it loses 1H.O, forming 
a compound with the usual arsinic acid grouping, > AsO.OH. It sodium 
salt separates from 95 per cent alcohol as almost colorless, hygroscopic 
crystals which do not melt below 260°, are soluble in water, alcohol or 
acetone, and insoluble in benzene or xylene.***° 


C,H, 


Phenoxarsinic acid, O AsO.OH, is derived from the corre- 


vs 
CoH, 


sponding chloride either by boiling with bromine water or by treating 
with hydrogen peroxide in glacial acetic acid. It crystallizes in lustrous 
needles, m. p. 219°, soluble in chloroform, alcohol or hot water. Its 
sodium salt separates from alcohol-ether in hexagonal plates con- 
taining 3H,0, not melting below 250°, and soluble in water or 
alcohol.'*°° 
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Diphenylene-o-diarsinic acid, 
AsO.OH 


aN aN 
AsO.OH 


results upon warming the corresponding dichloride with nitric acid 
(d, 1.88), and subsequently diluting with water. It crystallizes from 
hot, dilute nitric acid (d, 1.2) in long, colorless prisms which change 
to a chalk-like powder on washing with water. It melts above 360°, 
and is very difficultly soluble in all solvents.'*°7 


o-Nitrophenarsazinic acid, 


O OH 
Ayes 
7~ Tx ro 
AO aN 


dees ae 


es Se 


Ue es 
NH NO, 


is obtained as pale yellow needles upon nitrating the corresponding 
acid with fuming nitric acid in glacial acetic acid solution at 16-28°,'°° 
or by oxidizing o-nitrophenarsazine chloride with perhydrol in the same 
solvent.4*° It crystallizes from dilute acetic acid with 1H,O, and 
from glacial acetic acid with 1CH,COOH. Its sodium salt forms 
brownish-yellow, felted needles. 


p-Nitrophenarsazinic acid, 
O OH 
Ne “a 


IR axe 


os 
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is formed in small quantities along with the o-isomer upof nitrating 
phenarsazinic acid, but is best prepared from p-nitrophenarsazine chlo- 
ride and perhydrol. With 2 moles of aqueous alkali it forms a cherry- 
red solution, from which the quinoid dibasic aci-nitro salt may be 
precipitated as lustrous, bronzy needles by the further addition of 
alkali*** 


Di(5-nitro-2-thienyl) arsinic acid, 


AsO .OH 
oe 
CHis= © GC == CH , 
ae he 
Ss S 
| ws A . 
(ON @ea== © CH= G(NO;) 


results upon nitrating the corresponding arsinic acid with fuming nitric 
and concentrated sulfuric acids at low temperature. It is a yellowish, 
amorphous or microcrystalline substance, m. p. 287° with decomposi- 
tion, slightly soluble in boiling glacial acetic acid, insoluble in boiling 
water or the usual solvents, but soluble in alkalis.1°? 


p,p’-Dinitrophenarsazinic acid, 
O OH 


NH 


may be obtained either by nitrating phenarsazinic acid or phenarsazine 
chloride with warm nitric acid (d, 1.4), by oxidizing the corresponding 
chloride with perhydrol,'*** or by refluxing a mixture of phenarsazine 
oxide, nitric acid (d, 1.2) and acetic acid until complete solution 
occurs.'*°° The product may be obtained as bright yellow needles 
by recrystallizing from boiling glacial acetic acid, or as a bright yellow 
powder by dissolving in hot dilute ammonia and reprecipitating with 
dilute hydrochlore acid. It decomposes with a bright flash on heating, 
is soluble in alkalis to a deep red solution, but sparingly in water or 
alcohol. The monosodium salt crystallizes from hot sodium carbonate 
solution in fine, yellow needles. On heating this solution it turns red, 
a small quantity of the aci-nitro salt being formed. The quinoid salt 
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is precipitated from solution as violet leaflets with a bronzy luster 
upon the addition of concentrated aqueous sodium hydroxide. Ex- 
posure to atmospheric carbon dioxide converts the aci salt into the 
yellow primary salt. 

C.Ha 


o-Aminophenarsazimic acid, HNC  AsO.0H, results upon 
C.H; (NH:2) 


reducing the corresponding nitro acid with ferrous hydroxide in alkaline 
solution. Both the free acid and its hydrochloride separate from alcohol: 
in pale, rose-colored leaflets containing 1C,H;OH. The free acid has 
no sharp melting point, chars at high temperatures, and is soluble in 
mineral acids or alkalis. In contrast to the p-isomer, it is not auto- 
oxidizable, and yields no dyestuffs with oxidizing agents.'47° 


m-Aminophenarsazinic acid, 
O OH 
ae 
As 
Rea a a Iee/ o 
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prepared by oxidizing the corresponding chloride with perhydrol in 
alkaline medium, and neutralizing with hydrochloric acid, crystallizes 
in prisms soluble in alkalis, the resulting solutions being unaffected by 
silver oxide. Its hydrochloride separates from concentrated hydro- 
chloric acid as colorless prisms.'*** 


p-Aminophenarsazinic acid, 
O OH 
Ne 
As 


Ue NY ox 
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is prepared like the o-isomer, oxidation being avoided by the presence 
of a slight amount of sulfur dioxide. The acid oxidizes readily in air, 
especially when dissolved in alkali, with the formation of a violet dye- 
stuff. With ferric chloride it forms a cherry-red solution, from which 
‘an amorphous red dye gradually separates, while chromic acid pro- 
duced first a blue coloration followed by a greenish-black precipitate. 
Upon the addition of an excess of silver oxide to a neutral solution 
of the sodium salt, a cherry-red solution of the quinoid compound 
is produced, from which on evaporation in vacuo the sodium salt sep- 
arates in lustrous, bronze-colored lamellae. Upon the addition of mineral 
acid, the free quinoid acid quickly polymerizes, forming amorphous 
red flakes.1*7? 


p,p’-Diaminophenarsazinic acid, 
O OH 


We PLC aA 3 
NH 


similarly prepared from the corresponding dinitro acid, is isolated as 
the dihydrochloride which crystallizes in colorless leaflets. Like the 
p-amino acid, the aqueous solutions of its alkali salts yield a cherry- 
red coloration when shaken with silver oxide. On treating an aqueous 
solution of the dihydrochloride with ferrie chloride, there is produced 
first a deep blue, then a violet coloration, and finally a precipitate of 
a dark red oxidation product.'*7° 


m-Aminoarsanthrenic acid, 


O OH 
NZ 
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NH, 
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m. p. 150°, results upon oxidizing the corresponding dichloride with 
hydrogen peroxide in sodium carbonate solution.14#8 


Phenylcyclotetramethylenearsine dichloride, 


CH,.CH, C.Hs 
vs 
As—Cl _, 
wi 
CH,.CH, Cl 


prepared by saturating a carbon tetrachloride solution of the corre- 
sponding arsine with chlorine, crystallizes in hygroscopic, snow-white 
crystals, m. p. 120.5°, easily soluble in water or alcohol with de- 
composition.'*7# 


Methylcyclopentamethylenearsine dichloride (Methylarsepidine di- 
Ohel 


a 
chloride), (CH.); > As—Cl , is derived from the corresponding 
s 
Cl 


arsine by treating its aqueous suspension with chlorine. When dried 
it forms a very hygroscopic, viscous mass which cannot be further 
purified.*#75 

The corresponding dibromide is derived from the arsine by treat- 
ment with bromine in carbon tetrachloride solution or with bromine 
water. When dried it consists of very hygroscopic crystals decompos- 
ing in vacuo or upon heating into methyl bromide and _ arsepidine- 
bromide.*4** 

The diiodide, prepared from its constituents in petroleum-ether, is a 
yellow, water-soluble powder, m. p. 120° with decomposition. Upon 
heating its aqueous solution iodine is split off. Silver nitrate precipi- 
tates silver iodide with the simultaneous liberation of more or less 
methyl iodide, depending upon the concentration of the reagent.'*°° 


CoH: 
Ethylarsepidine hydroxybromide, (CH.); > AS—OH , results upon 
SN 


Br 


adding cyanogen bromide to ethylarsepidine in commercial ether. It 
melts at 71°, is easily soluble in water, alcohol, glacial acetic acid or 
hot nitrobenzene, and insoluble in benzene, toluene or benzine.**"® 


C,H, 
The cyanobromide, (CH.); > As—-CN .—On distilling cyanogen 
~ 
Br 
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bromide into an anhydrous petroleum-ether solution of ethyl arsepidine 
in an atmosphere of carbon dioxide, the addition product separates as 
a liquid which gradually solidifies. Its melting point could not be 
determined because it is extremely sensitive to moisture. When gently 
heated at reduced pressure it decomposes into its components, along 
with some ethyl bromide and an unidentified reddish-brown to violet 
crystalline iodo arsenical.'**" 


Phenylcyclopentamethylenearsine dichloride (Phenylarsepidine di- 
C,H; 


ve 
chloride), (CH); > As—Cl _, from phenylarsepidine and chlorine in 
~ 
Cl 


dry carbon tetrachloride at low temperature, crystallizes in colorless, 
hygroscopic prisms or leaflets, m. p. 188-9°, easily soluble in water or 
alcohol with decomposition. Upon heating up to 150° in an atmosphere 
of carbon dioxide and then distilling under diminished pressure (20 mm.), 
decomposition occurs, 1,5-dichloropentane coming over below 200°, while 
between 200° and 216° there are obtained two unidentified arsenicals, 
only one of which contains halogen.'#*® 

The dibromide is an oil.'*** 

The hydroxrybromide may be obtained either by exposing the cyano- 
bromide to the air, or by dissolving the corresponding dibromide in 
96 per cent alcohol and precipitating with ether. It separates in small 
prisms, m. p. 162.5°, soluble in water, methyl or ethyl alcohol, chloro- 
form, bromoform, carbon tetrachloride, hot acetone or glacial acetic 
acid, and practically insoluble in ethyl acetate, benzene or ether. It 
hydrolyzes in aqueous solution with the separation of hydrobromic acid, 
which may be quantitatively precipitated with silver nitrate but cannot 
be titrated with 0.1 N-caustic potash solution.'*”® 


Phenylarsepidine cyanobromide, a crystalline solid melting at 106-7°, 
is similarly prepared in ethereal medium. With bromine in an atmos- 
phere of carbon dioxide it yields cyanogen bromide and a yellow oil 
which gives up its arsenic to alkalis, leaving pentamethylenedibromide. 
On heating the fused cyanobromide up to 210° in vacuo, it yields a 
considerable quantity of hydrocyanic acid and a small amount of 
cyanogen. When heated in an atmosphere of carbon dioxide under re- 
duced pressure in a special apparatus there is obtained a yellow oil 
of unpleasant odor, b. p. 135-56°/12 mm., which cannot be completely 
separated into its components.'**° 

The diodide consists of pale yellow crystals, while the tetraiodide 
is a brown oil.145? 
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4-Methylphenylcyclopentamethylenearsine dichloride (p-Tolylarsepi- 
C.H,.CH, 


MR he 
dine dichloride), (CH.); > As—Cl , prepared like the preceding 
Cl 


compound, crystallizes in snow-white needles, m. p. 134°, soluble in 
alcohol with the formation of the corresponding dihydroxide. It de- 
composes like the phenyl compound on distilling under diminished 
pressure,**°* 


CH, 
A ieee Atom 
Methylarsepidine oxide, (CH.); > As , 1s formed by the direct 
O 


action of atmospheric oxygen upon the arsine. It consists of small, 
white needles with a very agreeable aromatic odor, m. p. 150° with 
decomposition, soluble in alkalis, but insoluble in water.1*°° 


Phenylmethylcyclotetramethylenearsonium iodide, 


C.H; 
ZA 
(CH2), > As—CH; , 
I 


from the arsine and methyl iodide, crystallizes from alcohol-ether as 
a white or faintly yellow crystalline powder, m. p. 135-6°, readily soluble 
in water or alcohol, but sparingly in ether.‘**1 

The corresponding ethyl compound is a yellowish powder, m. p. 
85-6°; the n-propyl derivative crystallizes in fine, white needles, m. p. 
123-4°; the isopropyl compound is a faintly yellow, crystalline powder, 
m. p. 113-4° with decomposition, while the n- and isobutyl derivatives 
are non-crystallizable substances. They are all prepared from the arsine 
and the respective alkyl iodides. 


Dimethylcyclopentamethylenearsonium chloride (Dimethylarsepidine 
CH, 


“a 
chloride), (CH.); > As—CHs, from the corresponding hydroxide and 
Cl 


hydrochloric acid, is a_ black, crystalline, very hygroscopic, water- 
soluble substance, m. p. 237° with complete decomposition. The bromide 
is a white, slightly hygroscopic solid, m. p. 277-80° with complete 
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decomposition.’**? The iodide, prepared from the arsine and methyl 
iodide in ethereal solution, crystallizes from water in colorless, rhombo- 
hedric crystals, melting and decomposing at 290°, easily soluble in water 
or alcohol, and insoluble in ether or ligroin. It yields arsine and pentane 
with hydriodic acid, a soluble sulfide with hydrogen sulfide, and silver 
iodide with silver nitrate.148* The sulfate, [(CH.); > As. (CHs)2].SOx, 
is a white, hygroscopic solid, decomposing at 232°, and soluble in water. 
The nitrate is faintly yellow, hygroscopic, melts indefinitely at 260°, 
and gives up its nitrogen as ammonia when reduced with zinc and sul- 
furic acid. The acid carbonate is dirty white in color, m. p. 156-7° with 
decomposition, has a disagreeable odor like methylarsepidine, and is 
very hygroscopic. It is decomposed by acids with evolution of carbon 
dioxide, but precipitates the salts of silver and iron like any alkali 
bicarbonate.'**? The picrate consists of yellow needles, m. p. 258°, 
sparingly soluble in water.’*8* The hydroxide results upon treating the 
iodide with moist silver oxide.'*** Its aqueous solution is strongly 
alkaline, forms salts with various mineral acids, even carbonic, and has 
a caustic action upon the skin. It cannot be obtained in solid form 
as it loses 1H,O upon drying, with the probable formation of the com- 
pound. CH. —= CH Chi. CH, CHa. Ae(CH.).. 


Methylethylcyclopentamethylenearsonium iodide, 
C,H; 


Ve 
(CH3)s = As — CH, 2 
I 


from ethylarsepidine and methyl iodide, melts at 276°, is easily soluble 
in water, chloroform or hot alcohol, slightly so in cold acetone, and 
insoluble in ether or benzene.'*s* The corresponding diethyl compound 
resembles the methylethyl derivative both as to method of preparation 
and properties.'**° 


Phenylmethylcyclopentamethylenearsonium iodide, 


(ale 
rs 
(CH). > As— CH, ) 
ib 


prepared from the arsine and methyl] iodide, consists of white leaflets, 
m. p. 179.5°; the ethyl compound forms white prisms, m. p. 185°; the 
n-propyl derivative, white crystals, m. p. 137-8°; the isopropyl com- 
pound, white crystals, while the n-butyl derivative consists of white, 
radiating crystals, m. p. 140°.1487 
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Diethylphenoxarsonium iodide, 


O 
LOSE 
WA ‘ 


’ 


BS ~~ 
rv A We 


ON 
I (C.H5)2 


results upon refluxing As-ethylphenoxarsine with the calculated amount 
of ethyl iodide. It crystallizes in pure white, translucent needles not 
melting below 300°.14°8 


Chapter VII. Miscellaneous Arsenicals. 


1. Protein Combinations Containing Arsenic—Albumin from egg- 
white is treated successively with phosphorus pentoxide and arsenic 
trichloride, allowed to stand for some time, the excess of inorganic re- 
agents decomposed with water, and the resulting phosphoric and arsenious 
acids removed by washing with water. The product is a brown, 
amorphous mass insoluble in water, dilute acid or organic solvents, 
but easily soluble in dilute alkalis. It does not give the usual tests 
for arsenic with hydrogen sulfide or ammonium phosphomolybdate. 

By gradually adding sulfur trioxide to egg-white at low tempera- 
ture, allowing the mixture to react with arsenic trichloride, and finally 
washing free of inorganic acids with water, a yellowish-brown, amorphous 
powder is obtained which is insoluble in water, dilute acids, alcohol, 
ether, chloroform, benzene, toluene or other organic solvents, but dis- 
solves easily in dilute alkalis, and in concentrated acetic or lactic acid 
after prolonged digestion. Its alkaline solution is not coagulated on 
warming.'**° Similar compounds have been obtained from casein, plant- 
albumin, peptones and albumoses, the arsenic being so firmly combined 
that it does not respond to the ordinary qualitative tests.1#°° 

An arsenical compound results on adding an alcoholic solution of 
arsenic trichloride to a suspension of gliadine or glutenine in the same 
reagent and stirring for six hours. By distilling off the solvent in vacuo, 
pulverizing the residue, washing with 99 per cent alcohol and drying 
in vacuo, the product is isolated as a brownish powder soluble in hot 
water, in which, by continued boiling, the arsenic is split off and can be 
identified by the usual reagents. The product is also soluble in aqueous 
sodium hydroxide or carbonate, partially in ammonia, and completely 
in concentrated acids with partial decomposition. It gives the biuret 
reaction, and is insoluble in the stomach juices, the arsenic being 
gradually split off while the protein is digested.'4*" 

Arsenic derivatives may also be obtained by warming phosphatides 
dissolved in organic solvents with arsenic acid. It is not necessary 
to employ pure phosphatides, as materials containing them or extracts 
of the same yield similar results. The products still retain the prop- 
erties of phosphatides—they are soluble in ether, fats or oils and may 
be emulsified. Such compounds have been obtained from lecithin, 
lecithin-albumin, ground oats or brain substance.!4°2 

On adding sodium cacodylate to a solution of nucleinie acid in 
aqueous sodium phenate and evaporating to dryness, a pale yellow 
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powder is obtained which crystallizes from hot water in needles soluble 
in aqueous alkalis, and decomposing above 180° .1498 

2. Arsenicals without C—As Linkage—Alkyl and aryl arsenites 
have been prepared by refluxing crystallized arsenic trioxide with various 
alcohols or phenols in the presence of either caleitum carbide 4% or 
anhydrous copper sulfate ™®® as dehydrating agents. The aliphatic 
compounds also result upon refluxing arsenic trihalides and sodium 
alcoholates.'#°° Thus, there have been prepared the methyl, ethyl, 
propyl, isobutyl, trimethylcarbinyl, amyl, isoamyl, phenyl, 0, m, and 
p-tolyl- benzyl, B-naphthyl and resorcyl arsenites. The ethyl ester 
may also be produced by heating arsenic trioxide and ethyl silicate in 
a sealed tube at 200°, or from ethyl iodide and disilver arsenite at 


O 
| she: i ye 
150°. A glyceryl derivative, As —O—C,Hs, is derived from the cor- 
O 


responding acetyl compound and glycerine.**®* With the exception of 
the B-naphthyl compound, they are all liquids generally soluble in 
methyl or ethyl alcohol, ether, benzene, chloroform or ethyl acetate, 
and readily hydrolyzed by water, yielding arsenic trioxide. 


Acetyl arsenite, As(O.COCH,);, from arsenic trioxide and hot acetic 
anhydride, consists of white needles, m. p. 82°; b. p. 165-70°/31 mm.; 
easily soluble in chloroform or ethyl acetate, sparingly in cold benzene 
or carbon tetrachloride and practically insoluble in petroleum ether or 
carbon bisulfide. It is readily decomposed into acetic acid and arsenic 
trioxide by water or alcohols in the cold. When fused with benzoic acid, 
it yields the corresponding benzoyl derivative, As(O.COC,H;s);, a white, 
erystalline mass, m. p. 155°; edsily soluble in chloroform, less so in ben- 
zene or ethyl acetate and difficultly in carbon bisulfide, carbon tetra- 
chloride or petroleum ether. It is easily decomposed by moist air.'*°* 


Methyl and ethyl arsenates have been prepared from dry silver 
arsenate and the respective alkyl iodide at 100°. They are both liquids, 
the methyl ester boiling at 128-30°/60 mm., and the ethyl ester at 
148-50°/60 mm. Their densities are 1.5591/14.5°, and 1.3264/0° re- 
spectively.149° 

Dibromobehenic acid yields an ester on warming with silver arsenate 
at 125-70°, while bromolecithin yields a similar compound in boiling 
toluene,2°°? 

A complex ester, O = As(OC,H.I.0H.SO,Na);, results upon heating 
silver arsenate with aqueous sodium 2,6-diiodophenol-4-sulfonate at 
100R es 
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Hexamethylenetetraamino arsenate, (CeHi2.N4)s.(HzAsO,)2, 18 pre- 
cipitated on mixing its components in alcoholic solution.*°°* 


Tri(methylamine) dithioarsenate, prepared from methylamine hydro- 
chloride and trisodium dithioarsenate, consists of white needles contain- 
ing water of crystallization. The corresponding ethylamine and organic 
ammonium salts may be similarly obtained.*°°? 


H 
Trianiline-arsine hydrochloride, (CpH;.N—H ),= As, 1s produced 


Cl 


by the gradual addition of aniline to a cold heptane solution of 
arsenic trichloride, and purifying the crude product by sublimation. 
The compound is a light yellow, crystalline solid melting at 148-50° 
with slight decomposition, and insoluble in the common inert solvents. 
It is unstable, decomposing readily in hot water or absolute alcohol 
and oxidizing on exposure to air.1°°% 


Mono aniline arsenate, C,H,.NH,.0.As7 2 results upon adding 
\\ (OH) » = 
an excess of syrupy arsenic acid to an alcoholic solution of aniline. 
It crystallizes in pearly leaflets, m. p. 147-8°.146° 
The corresponding dianiline salt is similarly obtained by adding 
an excess of aniline to an alcoholic solution of syrupy arsenic acid. It 
crystallizes in pearly leaflets, m. p. 143°.15°4 


HO- CHO 
ats: x 
Tripyrocatecholarsenic acid, HO.C,H,.O— As = 0.4H.0, formed 
HO Gr) 


on mixing arsenic and pyrocatechol in hot aqueous solution, separates 
in efflorescent plates, m. p. 103°; soluble in water, methyl or ethyl 
alcohol, ether, acetone or glacial acetic acid, slightly so in chloroform 
and insoluble in benzene. It hydrolyzes in dilute aqueous solution, 
especially on heating or upon the addition of acids. The compound 
is unaffected by diffused daylight, but turns greenish-black in direct 
sunlight. Its concentrated aqueous solutions form crystalline salts with 
ammonia or alkali hydroxides, as well as with salts of the alkali, alkaline 
earth or bivalent heavy metals. The alkali and ammonium salts may 
also be obtained from hot concentrated solutions of primary arsenates 
and pyrocatechol, but not from arsenates containing more than one 
equivalent of alkali. There have been prepared lithium, ammonium, 
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potassium, sodium, calcium, barium, magnesium, zinc, ferrous, nickel, 
cobalt, manganese, chromic, aluminium, mercurous, silver, thallium, 
cerium, lanthanum, yttrium, hexamminecobaltic, aquopentammineco- 
baltic, chloropentamminecobaltic, aquopentamminenickel, mono- and 
dipyridine, monoquinoline, mono- and dianiline, and guanidine salts. 
Various alkaloids (morphine, quinine, strychnine, colchicine, hydra- 
stinine, veratrine, coniine, apomorphine) as well as dilute peptone or 
albumin solutions form precipitates with the acid, some even at very 
great, dilutions. 

The tetrahydrated acid may be converted into the dihydrate either 
by adding concentrated hydrochloric acid to its concentrated solution, 
or by crystallizing it from glacial acetic acid. The tetrahydrate is 
converted into a dimethyl or diethyl alcoholate by recrystallization from 
the respective alcohol.15° 


Pyrogallolarsenic acid, [(HO).C,H;.O],AsO, is made by condensing 
pyrogallol and arsenic acid.1®° 

Tron salts of arsenitartaric and arsenicitric acid have been prepared 
either by treating the corresponding alkali salts with iron salts; from 
iron tartrate or citrate and arsenic acid; or from tartaric or citric 
acid and iron arsenate. The acid ferrous arsenitartrate is a grayish- 
white powder soluble in cold dilute caustic soda or ammonia; the acid 
ferrous arsenicitrate is a green powder; the acid ferric arsenitartrate 
consists of yellow crystals soluble in alkalis; the acid ferric arsenicitrate 
is a yellowish-green crystalline substance; the neutral sodium ferric 
arsenitartrate consists of deep yellow crystals soluble in alcohol.*°? 

Quinoline, tetrahydroquinoline and 8-hydroxyquinoline combine ad- 
ditively with arsenic trichloride in ethyl acetate solution, forming the 
compounds C,H,N.AsCl,, m. p. 188°; C,Hi,N.AsCl,, m. p. 184°; and 
C,H,;NO.AsCl,, m. p. 168°, respectively. Both quinoline and tetrahydro- 
quinoline react with one molecular equivalent of arsenic acid to form 
the arsenates C,H;,N.H;AsO, and C,H,,N.H;AsO, respectively.1°°* 


Appendix I. The Chemotherapy of Organic 
Arsenicals. 


A. General 


The comparatively new science of chemotherapy has within the past 
two decades become an important branch of medicine. It has not only 
contributed very useful drugs for the treatment of disease, but has also 
enriched medical knowledge with valuable theories, and has assisted in 
the development of some of the most fruitful ideas regarding the relation- 
ship between chemical constitution and biological effect. 

To Ehrlich must be attributed the development of some of the most 
important theoretical conceptions and fundamental principles of chemo- 
therapy, such as the theories regarding the parasitotropism and organo- 
tropism of chemotherapeutic agents, and the conception of specific 
chemical receptors, the latter being based upon the discovery of the 
specific drug resistance of various parasites. In seeking an explanation 
of the manner in which (1) quinine causes malaria parasites to disappear 
from the blood; (2) mercury favorably influences syphilitic manifesta- 
tions, and (3) organic arsenicals destroy various trypanosomes and 
spirille, Khrlich came to the conclusion that these results were due to 
the fact that parasites combine with the chemical in question. In other 
words, there exists between the parasites and the drugs a certain specific 
chemical affinity to which he applied the term \parasitotropism. This 
can be easily demonstrated either by the dimimution of the movements 
of various motile parasites when brought in contact with certain chemi- 
‘als under the microscope, or by similarly treating the microdrganisms 
in a test tube, subculturing, and then observing the diminution of growth 
or its complete cessation. The destruction of microérganisms in the 
animal body is much more difficult, as all sterilizing agents are not only 
toxic toward the protoplasm of the bacteria but also toward the cells of 
the host, the latter property being known as organotropism. The value 
of a chemotherapeutic agent is, therefore, based on the relationship 
between its parasitotropism and organotropism. Thus, if a quantity of 
a mercurial compound, sufficient to destroy a certain number of a definite 
organism in the test tube, is injected into an animal containing the same 
number of parasites, we find that very little effect is produced because 
the mercurial acts upon the host rather than upon the parasite, i.e., its 
organotropism completely eclipses its parasitotropism. Therefore, only 
such chemical compounds can be considered as therapeutic agents which 
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have a great effect upon parasites, but only a slight action upon the 
animal body. 

When a mouse infected with trypanosomes is treated with para- 
fuchsin or tryparosan (chlorinated parafuchsin) the parasites first dis- 
appear from the blood but reappear after several weeks. A second 
injection of parafuchsin causes the above phenomenon to be repeated; 
upon continuing the same experiment the action of the successive addi- 
tions of fuchsin gradually becomes weaker until it finally fails to exert 
any influence upon the microdrganisms, due to the resistance against 
fuchsin acquired by the parasites. This resistance is retained even upon 
transferring the parasite into another animal. In a similar manner there 
have been obtained. atoxyl-fast strains which cannot be destroyed by 
atoxyl even after 400 passages through normal animals. These strains 
are also resistant toward phenylarsonic acid, but not toward triphenyl- 
methane dyes. It has also been demonstrated that trypanosomes, 
which have acquired a resistance against organic arsenical compounds 
containing pentavalent arsenic, can still be readily influenced by those 
with trivalent arsenic, although resistance against the latter can also 
be developed in the above manner. To explain these phenomena, 
Ehrlich suggested the idea that the protoplasm of the cells of micro- 
organisms contains various groupings (chemical receptors) which are 
able to combine with definite chemical radicals. Accordingly, upon 
treating trypanosomes with arsonic acids only the arsonoceptor is 
affected, while upon further treatment with an arseno compound, e.g., 
arsenophenylglycine, the arsenoceptor and aceticoceptor are also 
affected. 

In the field of practical therapy Ehrlich distinguished between the 
gradual and the immediate elimination of organisms from the body. In 
the first case the patient is treated over an extended period of time with 
successive quantities of the drug, each quantity being insufficient to 
completely destroy all of the parasites. This method, utilized by Koch 
in the treatment of sleeping sickness with atoxyl, is employed in the 
treatment of malaria and also in the therapy of syphilis by mercurials. 
According to the second procedure, “therapia sterilisans magna,’ com- 
plete sterilization and permanent cure is effected by a single large dose 
of the chemotherapeutic agent. Despite the fact that Ehrlich claimed 
to have achieved such remarkable results in the treatment of experi- 
mental trypanosomiasis with arsenophenylglycine, the second method 
often involves various dangers and difficulties, and has therefore not 
been found practical in human therapy. More recently there has been 
developed a third procedure which consists in introducing two or more 
medicaments by different routes. Thus, in human syphilis the most 
satisfactory results have been obtained by employing intravenous injec- 
tions of arsphenamine. or neoarsphenamine in conjunction with imunc- 
tions of various mercurials, while cures in rabbits infected with 
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trypanosomes have been effected by a small dose of arsenophenylglycine 
injected intravenously and a large amount of tryparosan administered 
orally. 

In determining the chemotherapeutic value of a substance in diseases 
caused by pathogenic microdrganisms a complete study of its biological, 
clinical and chemical properties is necessary so that some relationship 
may be established between them and the chemical constitution of the 
compound. The biological studies consist of the determination of the 
toxicity and therapeutic value, both of which are carried out with 
experimental animals. The toxicity may be established in several ways. 
Some experimenters introduce the drug into the animal through the 
mouth, while others employ subcutaneous, intramuscular or intravenous 
injections of an aqueous solution of definite concentration, noting the 
resulting metabolic disturbances or organic injuries. A shorter and at 
the same time more accurate method consists in establishing the mini- 
mum lethal dose, i.e., the minimum amount necessary to kill the animal 
and the maximum dose tolerated without causing death during a definite 
period (usually 7 to 10 days), both values being expressed in terms of 
milligrams per kilogram of body weight. 

Technic of Toxicity Tests—It is now well known that in testing the 
toxicity of drugs by intravenous administration, the results may be 
modified by various factors, such as the degree of concentration of the 
solution, the rate of injection, etc. For comparative tests the technic must 
be uniform, the method employed being preferably the one standardized 
by the Hygienic Laboratory at Washington, D. C., which may be briefly 
described as follows: 

Healthy, non-pregnant, white rats weighing between 100 and 150 g. 
and kept under observation for at least ten to fourteen days before being 
used in these tests, are reweighed before injection, and the dose admin- 
istered in proportion to the body weight. All animals are fed late in the 
afternoon of the previous day in order that the weights may be taken 
and the injections made after a period of about eighteen hours’ fasting, 
to render the dosage more accurate. The injection is made by the 
gravity method, employing a special apparatus, Fig. 2. 

This is composed of a 2 c.c. burette A divided into 0.01 ¢.c. and fitted 
with a two-way cock at the upper end B for filling by means of suction 
by vacuum ©, and a water-tight cock at the lower end D for stopping the 
injection. The opening at E admits air to the pipette during the injec- 
tion when the cock at B is turned after filling the pipette with solution, 
to cut off the vacuum. A long glass nozzle F is attached to the burette 
fitted with a short piece of the best grade rubber tubing G carrying a 
window near the end, and a needle H of No. 26 to No. 22 gauge. 

Before injecting the solution, the needle and rubber tubing are 
sterilized by boiling, and the burette cleansed by copious flushing by 
means of the vacuum suction with sterile water, followed by the solution 
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to be injected, and are collected in the bottle I interposed between the 
vacuum and the burette. When solutions are changed the apparatus is 
cleansed in the same manner. 

After the animal is bound upon the operating board, the skin of the 
anterior surface of the thigh is cleansed with alcohol and a small incision 
made over the saphenous vein, which is rendered prominent by pressure 
made in the inguinal region by an assistant. The vein is grasped with 
fine forceps, due care being taken not to produce pain by grasping the 
nerve alongside of it, the needle is inserted, and the cock D gradually 
opened to regulate the flow while the time in seconds is called off by an 
assistant, until the dose to be given, previously marked off by the rider 
J fastened to the burette, is mjected. 

With this apparatus it is possible to inject a given amount of solution 
very accurately and at a given rate of flow, the speed set down by the 
Hygienic Laboratory being 0.5 c.c. per sixty seconds. The amount of 
solution to be injected is calculated according to the dose to be given 
per 100 g. of weight, and the rate of injection can be nicely regulated by 
means of the stop cock at D and timed with a stop clock. The appa- 
ratus is to be recommended for the intravenous injection of rats, guinea- 
pigs and rabbits. 

Subcutaneous and intramuscular injections of drugs are often very 
irritating to the skin and muscles of the animal, and the results are 
seldom as sharp and clear cut as those following intravenous injections. 
In conducting therapeutic tests, the selection of the infectious micro- 
organisms is of the utmost importance, for upon it depends to a great 
measure the length of the experiment, the accuracy of the comparative 
evaluation of the remedy and the proper interpretation of experimental 
findings in relation to the treatment of human infection. Thus, Trypa- 
nosoma lewisi which does not kill the animal, cannot be satisfactorily 
employed experimentally, as no idea can be gained as to the ability 
of a drug to prolong the life of the infected animal. Similar inconclusive 
results are obtained with Spirocheta recurrentis, the parasite of relapsing 
fever, on account of the frequent remissions and the disappearance of 
the parasite from the peripheral blood even without the assistance of 
chemotherapeutic agents. The microdrganism of chicken spirillosis has 
been frequently employed as a test parasite, but it is so easily influenced 
by various chemicals that it does not serve as an ideal means of dis- 
tinguishing between drugs of high and low efficiency. Treponema palli- 
dum, the spirochete of human syphilis, is not well adapted for animal 
experiments, as the disease produced takes a mild form and is chronic in 
character, necessitating observations for about four to six months. 
This not only causes great delay, but also renders the experiments very 
expensive on account of the housing and feeding of the numerous animals. 
Despite these disadvantages, however, the chemotherapeutic investiga- 
tion of so called “rabbit syphilis” is beginning to be employed very 
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extensively. The work of Ehrlich and Hata,'®°® Kolle and his collabo- 
rators, Nichols,**° Brown and Pearce 7? and others have thrown so 
much light on the course of the Treponema pallidum infection in rabbits, 
that it is now possible to determine the curative dose with a fair degree 
of accuracy, or at least to draw a definite comparison between the activity 
of various drugs. In some industrial laboratories arsphenamine and 
neoarsphenamine are frequently tested by this method as a control upon 
the results obtained in the routine therapeutic tests with other parasites 
more readily adapted for daily use. 

The rabbits are usually inoculated in both testicles with an emulsion 
containing spirochetes, and the latter allowed to multiply for about two 
weeks, when the testicles become considerably enlarged and indurated, 
a marked infiltration being observed at the points of inoculation. The 
drug is now injected intravenously or intramuscularly, and if it reacts 
favorably, the regression of lesions proceeds rapidly, resulting in com- 
plete resolution by the end of seven to fourteen days. If the dose of 
the drug is too small, or if the compound is not very efficient, residual 
lesions in the form of diffuse thickenings or circumscribed nodules may 
still be seen. With a sufficient amount of the proper drug, however, no 
reinduration takes place for many months, and the animal is finally pro- 
nounced cured if at the expiration of six months no spirochetes can be 
found in the testicles. 

Ehrlich and his co-workers used various strains of trypanosomes as 
test parasites for determining the therapeutic activity of organic arseni- 
cals, and obtained highly satisfactory results. They found that the 
destructive action of the arsenicals varies with different types of trypa- 
nosomes: Trypanosoma brucei (the parasite of Nagana disease of 
horses) is destroyed with difficulty by arsphenamine or neoarsphenamine, 
while Trypanosoma equiperdum is more easily influenced. Schamberg, 
Kolmer and Raiziss *°*? suggested Trypanosoma equiperdum as the test 
parasite for the routine testing of organic arsenical compounds, particu- 
larly those of the arsphenamine group. The inoculation of white rats 
with definite numbers of this trypanosome can be made with such pre- 
cision, that the infections produced are definite and uniform, the evidence 
of therapeutic activity is sharp and decisive, and the period of observa- 
tion required is not longer than two or three weeks. The assumption 
that there exists a close relationship between the results obtained with 
T. equiperdum in experimental animals and those observed clinically with 
T. pallidum has been confirmed by Schamberg, Kolmer and Raiziss,'°*” 
and also by Voegtlin and Miller,1°"' who found that compounds possessing 
a high or low efficiency in one of the above infections behaved similarly 
with the other. The value of trypanocidal tests is, however, sharply 
limited, inasmuch as certain other medicinals of value in the treatment 
of pallida infections, notably the mercurials,’*’* are unable to influence 
the course of experimental trypanosomiasis, due in part to their high 
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toxicity which prevents the administration of sufficiently large doses. 
These tests may, therefore, be regarded as indicators of the comparative 
therapeutic value of drugs possessing trypanocidal activity in vivo; 
medicinals such as the mercurials or bismuth compounds, however, which 
fail to influence experimental trypanosomiasis, may still possess spiro- 
cheticidal properties. 

As stated by Pearce and Brown,'*"* the treatment of experimental 
trypanosomiasis of mice and rats is largely a matter of speed of action, 
yielding valuable data regarding the therapeutic activity of a compound 
in a relatively short time. These investigators, however, have very 
properly indicated that experiments of this character do not involve 
the treatment of chronic tissue changes, as in trypanosomiasis of guinea- 
pigs and rabbits, which are more nearly analogous to the naturally 
acquired forms of the disease, but that the two types of infection supple- 
ment each other in the chemotherapy of experimental trypanosomiasis. 

Technic of Trypanocidal Tests—The T. equiperdum appears in the 
peripheral blood (tail) within forty-eight to seventy-two hours after 
intraperitoneal infection; by the fifth to seventh day after infection 
enormous numbers of trypanosomes are to be found in the blood and 
may even outnumber the erythrocytes, the untreated animals usually 
dying at this stage. 

The question of infection is very important in relation to the results 
of these tests. A satisfactory procedure consists in infecting the animal 
twenty-four hours before the injection of the drug. Now Kolmer 1*?* has 
shown that the number of trypanosomes used in the infection greatly 
influences the results, a great number of the parasites requirmg a much 
larger dose of the chemical for sterilization than a smaller number. In 
this connection the Kolmer method of counting the trypanosomes and 
infecting with approximately known numbers with blood removed 
asceptically from the heart of the seed animal?* has proved itself to 
be of distinct value. It is only by using rats of approximately the same 
weight and infecting with approximately known numbers of trypa- 
nosomes by intraperitoneal injection that the experiments are rendered 
uniform and comparative.“'® The dose is prepared separately for each 
rat in small sterile vials, and is contained in 1 ¢.c. which is slowly injected 
with a syringe in a saphenous vein. The blood of each animal, including 
the controls, is examined each day over a period of three weeks by 
placing a drop from the tail on a cover-glass and allowing it to spread 
in a film when placed upon a slide. 

A shorter yet accurate method has been proposed by Voegtlin and 
Miller,°* in which the final results are read twenty-four hours after the 
injection of the drug. The principle of the method is based on the fact 
that a well-defined dose of the drug is required to kill a certain number 
of parasites in the blood of infected rats, i.e., the parasiticidal power of 
the drug is measured in terms of the number of parasites killed, 
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Techmc of Test—Healthy albino rats from one breeding strain and 
weighing about 50 to 60 grams are put on a diet of milk, bread and oats 
until they reach a weight of 100 to 150 grams, when they are ready to 
be used for the test. A series of non-pregnant animals is inoculated 
with citrated blood from a seed rat. The latter, showing about 200,000 
trypanosomes per cubic millimeter of blood, is bled by decapitation 
directly into 5 c.c. of saline solution containing 2 per cent of sodium 
citrate, and about 0.5 c.c. of the resulting suspension of parasites is 
injected intraperitoneally into each rat. The above amount of the 
suspension will usually produce in 24 hours an infection of about 100,000 
parasites per cubic millimeter of blood, and if left untreated the animals 
will die, as a rule, two days later. 

The injection of the drug to be tested is carried out as follows: 
The drug is dissolved in distilled water, and the concentration adjusted 
in such a way that the volume of the desired dose is within from 0.3 
to 0.9 c.c. An accurately calibrated tuberculin syringe, provided with a 
26-gauge Luer needle, is then filled with the freshly prepared solution, 
and the drug immediately injected at a slow rate into the leg vein pre- 
viously exposed by skin incision. The number of trypanosomes per 
cubic millimeter of blood should be within 100,000 to 250,000, preferably 
100,000 to 150,000, for, as Voegtln and Smith **7 have shown and 
subsequent experience has confirmed, the choice of a uniform grade of 
infection is very important for accurate work. 

This procedure is about to be adopted by the United States Public 
Health Service as a control test for the trypanocidal efficiency of various 
lots of arsphenamine and neoarsphenamine. Graded doses of the drug 
are injected into a series of animals. It has been found that a variation 
of approximately 50 per cent between successive doses (1, 1.5, 2.25, 3.75, 
5, 7.5, 10, etc.) is all that can be expected of the accuracy of the test. 
This is due to the fact that quantitative differences in the metabolism 
of the drugs and the rate of excretion of the arsenic in different rats are 
sufficiently great to produce considerable variations in parasiticidal 
action. These variations make it necessary to test at least five rats at 
each dose. At the end of 24 hours after the injection of the drug, the 
number of parasites in the tail blood is again determined, first by a 
preliminary examination of a drop for the presence or absence of para- 
sites, and then by a count of the blood specimens which were found 
positive in the preliminary examination. The method permits an 
accurate count of 1,000 or more parasites per cubic millimeter; below 
1,000 the count is unreliable. The dose required to bring the parasitic 
count within 24 hours to a trace or negative, or, in other words, the dose 
which kills from 100,000 to 250,000 parasites per cubic millimeter of 
blood, is called the minimum effective dose. As a rule the blood is again 
examined at the end of 48 and 72 hours after treatment. 

From the foregoing it can be seen that in order to compare the chemo- 
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therapeutic value of various drugs, determinations of the toxic and 
the therapeutic or curative doses must be made upon the same species 
of animals and with the same parasite. In expressing comparative 
toxicity results it is necessary to state the animal employed as well as 
the method of administration of the drug, whether intravenously, intra- 
muscularly, subcutaneously or orally. The virulence af an infectious 
microorganism is controlled by the effect of a drug selected as a stand- 
ard. Arsphenamine is often employed in the latter capacity as it yields 
comparatively constant results with each type of microdrganism. 

Recently a new term, chemotherapeutic index, has been adopted in 
the field of chemotherapy. It is the value obtained by dividing the 
maximum tolerated dose M. T. D. by the minimum curative dose 
M. C. D., and is expressed by the equation: 


M.T.D. 


Chemotherapeutic index I = MCD. 


By comparing the figures thus obtained for different compounds under 
the same experimental conditions, there is afforded a ready means of 
noting the comparative efficiencies of various drugs. Thus, if the chemo- 
therapeutic index of a substance X is 40 and that of another compound 
Y is 50, then the latter is 114 times more efficient with the particular 
infection employed. 

The problem most vital to the science of chemotherapy is the estab- 
lishment of a relationship between the chemical constitution of a sub- 
stance on the one hand and its chemotherapeutic index on the other, 
for once the influence of various radicals upon parasites or upon the 
animal body is definitely determined, the synthesis of new compounds 
will assume a more rational course. 

The first investigations along these lines were carried out by Ehrlich. 
He found that by producing various changes in the molecule of p-arsanilic 
acid there were produced a number of compounds, the toxicities of 
which were different from that of the parent substance. When employed 
in therapeutic experiments, however, they proved to be of little or no 
value. Favorable results are obtained upon introducing an acetyl radical 
into the amino group of arsanilic acid; the curative power of the 
acetyl derivative equals that of atoxyl, but in addition is three to ten 
times less toxic. Upon continuing his investigations Ehrlich observed 
that although atoxyl and arsacetin, even in minute amounts, were 
trypanocidal in the animal body, they failed to destroy the same organ- 
isms in the test tube in concentrations as high as 2 per cent. To explain 
this phenomenon, he assumed that in the animal body the pentavalent 
arsenic is first reduced to the trivalent condition before action upon the 
infectious microdrganisms begins. This assumption was subsequently 
substantiated by a study of two trivalent arsenical derivatives of 
p-arsanilic acid: 4-aminophenylarsine-oxide and 4,4’-diaminoarseno- 
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-benzene. This led to the discovery of the remarkable trypanocidal 
and spirillicidal effects of the arseno group (— As — As—). That the 
nature of the radical present in the nucleus of phenylarsonic acid has 
a vital influence upon its toxic. action may be seen in the following 
table, showing the dilutions at which 1 c¢.c. of the various derivatives 
will kill a mouse weighing 20 g. 


Sodium salt AsO Derivative As = As Derivative 


H,O;,AsC,H,NH, 1:200 1:15,000 1:6,000 
TO AsC.H.OH Ihe Te 1:138,000 1:1,000 
H,0;AsC,H.NHCH,COOH 1:20 1:1,000 T2370 


The trivalent arsenicals are also more trypanocidal than the pentavalent 
compounds in the test tube, as may be seen in the following example: 
4-hydroxyphenylarsonic acid does not kill trypanosomes in dilutions of 
1 to 2 per cent, while the corresponding arsineoxide, in a dilution of 
1:10,000,000, produces sterilization in one hour. Similar results are 
obtained in vivo: 1 c.c. of a 1:40,000 solution of 4-hydroxyphenylarsine- 
oxide causes an immediate disappearance of trypanosomes from an 
infected mouse, the animal remaining entirely free of parasites for 
seven days. 

The same investigator later found that in therapeutically effective 
benzene derivatives containing two different pharmacodynamic substitu- 
ents, one of which is a salt-forming group (OH, NHb, etc.), the intro- 
duction of a third substituent in ortho position to the salt-forming group 
would necessarily increase the activity of the compound. This was 
deduced from studies with Trypan-biue, parafuchsin, Trypan-red and 
its homologues. Thus, in the case of p-arsanilic acid he found that its 
activity was increased by the introduction of halogens in the ortho 
position to the amino radical. Such substituents are said to have a 
eutherapeutic action. On the other hand, the introduction of a methyl 
or nitro group ortho to the amino radical in the above arsonic acid 
decreases the activity of the parent compound, in other words, they 
have a distherapeutic effect. By introducing iodine into 4,4’-dihydroxy- 
arsenobenzene, however, the trypanocidal action in experimental 
animals completely disappears, while the spirillicidal power is: greatly 
increased. Finaliy, after experimentation with various groups, Ehrlich 
observed that the most striking results were obtained with 3,3’-diamino- 
4,4’-dihydroxyarsenobenzene (arsphenamine base), the dihydrochloride 
of which has since become one of the leading medicaments in the treat- 
ment of syphilis. 

It is interesting to note that the introduction of two additional 
amino groups into arsphenamine, as in 3,6,3’,5’-tetraamino-4,4’- 
dihydroxyarsenobenzene, increases the toxicity of the parent substance 
39 per cent, while the therapeutic dose remains the same. Numerous 
N-substituted derivatives of arsphenamine have also been studied, and 
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the following figures will serve to indicate the significance of the amino 
group in arsphenamine. Neoarsphenamine, a derivative of 3,3’-diamino- 
4,4’-dihydroxyarsenobenzene, containing a sodium methylenesulfinate 
eroup attached to one and also part of the second amino radical, has 
a maximum tolerated dose of 254 mg. (approximately equivalent to 
50 mg. of elemental arsenic) per kilogram of body weight, while that of 
arsphenamine is 100 mg. (approximately equivalent to 30 mg. of 
arsenic). Here it is evident that the substitution in the amino group 
results in a reduction in toxicity amounting to about 40 per cent. The 
minimum therapeutic dose, however, is increased from 23 mg. in the 
case of arsphenamine to 40 mg. in the case of the neo compound, 
amounting to 16 per cent. Furthermore, by introducing various fatty 
acid groups into both amino radicals of arsphenamine, forming com- 
pounds of the type 


(HOOCCH,.HN) (HO)C,H;As = AsC,H; (OH) (NH.CH.COOH), 


the toxicity and therapeutic effects are lowered. From the preceding 
illustrations it is evident that a change in the chemical constitution of a 
compound affects its chemotherapeutic properties, but as yet no definite 
laws regarding this important subject have been established. 


B. Special 


Chemotherapeutic experiments with animals often yield varying 
results; in the hands of different investigators the same compound may 
in many cases fail to act uniformly, chiefly on account of the individual 
susceptibility of the experimental animals, the technic and conditions 
of the experiment, and the virulence of the strain of parasites employed. 
Clinical observations are even less uniform because of the difficulties 
involved in standardizing the methods of treatment, the individual 
idiosyncrasy of the patients, the interference of other medication, and 
the lack of strict codperation on the part of the patients. Another cause 
of discrepancies in both clinical and experimental investigations may be 
frequently attributed to some impurity in the drug; in many cases, e.g., 
arsphenamine and allied arsenicals, no methods of obtaining chemically 
pure products have been developed. This is of vital importance as the 
slightest trace of impurity often has an enormous influence upon the 
toxic action of the compound. Hence, chemotherapeutic results can only 
be properly evaluated when all the conditions of the experiment are 
mentioned; in most cases the figures obtained are of value merely for 
purposes of comparison. In the following pages are indicated the results 
obtained with some of the more important organic arsenic compounds 
which have appeared in the literature. 


Inorganic arsenic compounds have been employed in the therapy of 
various diseases for many years, but their high toxicity has prevented 
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them from finding extended practical application. Thus, the maximum 
tolerated dose (M. T. D.) of sodium arsenite injected Hie iene into 
white rats is 8 mg. per kg. of body weight, while that of sodium arsenate 
is 50 mg. per kg. Furthermore, sodium arsenite does not influence 
trypanosomes in doses of 3 mg. per kg.; the same is true of sodium 
arsenate in doses of 30 mg. per kg.1°*, According to Voegtlin and Smith, 
however, the M. T. D. for sodium arsenite is 7.89 mg. per kg.; its mini- 
mum lethal dose (M. L. D.) 11.05 mg.; and minimum effective dose 
(M. E. D.) in Trypanosoma equiperdum infection, 11.05 mg. With 
sodium arsenate the M. T. D. is 72.8 mg.; the M. L. D. 104 mg., and the 
M. E. D. 78 mg. per kg.*5?7 


Disodium ethylarsonate (‘‘Monarsone’’) is tolerated in doses of 
200 mg. per kg. but in experimental trypanosomiasis it is ineffective in 
doses approaching the maximum tolerated dose.1°?° Nichols of the U. S. 
Army Medical School found that the same compound has no effect on 
Spirocheta pallida.t°*8 


Cacodylic acid, in the form of its sodium salt, has been employed in 
medicine for many years, and is still used intravenously in the treatment 
of certain skin diseases, malaria and secondary anemias. As early as 
1843 the above acid was found by Bunsen to be comparatively non-toxic 
for frogs even in large doses. This he attributed to the fact that the 
arsenic is combined in a different. manner than in the inorganic 
compounds.!? Subsequent investigations, however, have shown that, 
like other arsenicals, it produces pathological changes in the animal 
body, and in cases of lethal intoxication the post-mortem findings show 
that the effects are analogous to those of arsenic poisoning. In propor- 
tion to its arsenic content, cacodylic acid is less toxic than arsenious 
acid.1®2®, When introduced into the body it is largely elimimated un- 
changed in the urine, the remaining portion being almost entirely reduced 
in the stomach, intestines and liver to the corresponding arsineoxide, 
and is exhaled as such. A small fraction of the cacodylic acid is also 
converted into arsenious and arsenic acids which are ultimately found 
in the urine.15*° 


Tetramethylarsonium iodide—Biirgi**' found that this com- 
pound exerts a paralyzing influence on the central nervous system but 
does not affect the heart of a frog or rabbit. It is not decomposed in the 
animal body, the greater part being eliminated in the urine. 


Tetraethylarsonium iodide behaves like the corresponding methyl 
compound except that its action upon the central nervous system is about 


four times as strong.*?*? 
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3-Amino-4-hydroxyphenylarsineoxide (Arsenoxide), injected intra- 
venously in the form of a 2 per cent solution of its hydrochloride, pro- 
duces a rise in the pulmonary pressure of dogs similar to that caused 
by a 2 per cent soiution of unalkalinized arsphenamine. The M. L. D. 
of its sodium sait for white rats is 21.8 mg.; the M. T. D. 16.4 mg.; the 
M. —. D. for Trypanosoma equiperdum infections in the above animals 
1.64 mg..°27 and the minimum therapeutic dose 2.4 mg. per kg.**?6 
According to Hata !*** the tolerated dose for mice by subcutaneous injec- 
tion is 16.5 mg., for rats by intravenous administration 35 mg., while 
the dose tolerated by rabbits intravenously is 15 mg. per kg. In chickens 
infected with spirille the tolerated dose is 30 mg. and the curative dose 
tame. per kg*5* 


4-Arsenophenylglycine in the form of its disodium salt is tolerated 
intravenously by white rats in maximum doses of 118 mg. per kg., the 
M. L. D. being 197 mg. and the M. E. D. in Trypanosoma equiperdum 
infection 11.8 mg. per kg.'°?* The tolerated dose for hens is 400 mg. 
intramuscularly, but immediate sterilization is obtained in chicken 
spirillosis with doses of 100 to 200 mg. per kg., while with smailer doses 
sterilization occurs less rapidly.’**° In rabbit syphilis the above com- 
pound acts more slowly than arsphenamine. With doses of 50 to 100 
mg. per kg. intravenously the spirochetes do not disappear for several 
days; with a dose of 150 mg., however, they disappear immediately.1*** 


4,4’-Bismethylam’no-3,5,3’,5’-tetraaminoarsenobenzene is claimed to 
be very efficient in the treatment of experimental syphilis and recur- 
rent fever.'®** In the latter infection, according to Mihlens, it is at least 
as effective as neoarsphenamine, and, in addition, can be more satisfac- 
tory employed in the tropics as its solution is very stable in sealed 
tubes. The compound also yields good results in the treatment of 
malaria.*>*8 


4,4’-Dihydroxyarsenobenzene produces permanent cures in mice in- 
fected with Spirocheta recurrentis by employing two subcutaneous injec- 
tions of the drug in doses of 25 mg. per kg. Its tetrachloro and tetra- 
bromo derivatives are somewhat less effective with the same infection, 
permanent cures being obtained only occasionally even when the infee- 
tion is weaker, and repeated injections of the maximum tolerated doses 
are. employed.15*° 


Arsphenamine.—This drug is recognized as the remedy of para- 
mount value in syphilis. Despite the fact that it does not kill spirille 
in the test tube it has a very pronounced effect upon them in vivo due to 
its high parasitotropic influence and low organotropic effect. It is not 
only about fifty times less toxic for experimental animals than mercury, 
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but also has a roborant or tonic effect, which mercury does not possess. 

Among the first experiments performed by Ehrlich after the elabora- 
tion of “salvarsan” (arsphenamine) was the determination of its toxic 
and therapeutic doses in mice, rats, hens and rabbits, when treated intra- 
venously, intramuscularly and subcutaneously. He also noted that by 
injecting a sufficient quantity of the drug into an animal some time 
before infection, the latter can be repressed, the drug acting as a thera- 
peutic and immunizing agent.'°"” Since the days of Ehrlich the method 
of producing arsphenamine has been continualiy improved so that the 
results of toxicity and therapeutic power as obtained to-day are much 
more favorable. The following table shows the most modern results 
obtained with various animals: 1°4° 


Average 
Route of tolerated dose 
Animal injection mg. per kg. 
Miise nen: ee ack: _, Subcutaneous ..3.5...5 6. 143 
Uintravenoused.., cee Gee: 143 
PESTS na, eee ke eee Be NSlpGUbamcols a1 aed sien 342 
hintravenouse 2 s..veew 105 
apa hs Sle eee ) LIC ET OUS Meters ote tee aes 80 
Linveamtectlar, me acne 250 
Pigeon ey Pee Le VenOUs Ase cies ae 80 
Pintramadecuiai ves cea 90 
ee ei Lh ee \OUDCULAMCOUS! % vrears «sete 150 
Lintravenouge: macs scinces ue 100 


The slow injection of therapeutic quantities of arsphenamine in very 
dilute alkaline solution produces no striking results in anesthetized 
dogs. Upon increasing the rate of injection and the concentration of the 
drug, however, toxic symptoms soon begin to manifest themselves, The 
earliest of these consist of a dilation of the heart, a progressively increas- 
ing pulmonary blood-pressure and a slow, gradual, but not severe, fall 
of the systemic pressure.'°4! The rise in pulmonary pressure is largely 
due to a mechanical blocking or to a constricting action of the pul- 
monary vessels, depending upon the amount of alkali used in making 
the solution. The cardiac dilation does not appear to be a direct effect 
of the action of the drug, but rather secondary to the pulmonary obstruc- 
tion, causing the right heart to work under undue strain and, second- 
arily, to dilate.15*? 

The average therapeutic dose of American-made arsphenamine admin- 
istered intravenously into rats infected 24 hours previously with Trypa- 
nosoma equiperdum has been found to be 2 mg. per kg. by the method 
of Kolmer, Schamberg and Raiziss.'°'® 1°?° Raiziss and Severac,?°** 
employing white rats infected with 150,000 to 250,000 trypanosomes per 
cubic millimeter of blood, obtained temporary sterilization with doses of 
6 mg., and permanent sterilization with those of 8 to 12 mg. per kg. by 
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the method of Voegtlin. The results obtained for other microparasites 
may be found in the following table: *°** 


Sterilizing 
Route of dose 

Animal Infection administration mg. per kg. 
INTaricas eee ee {Recurrent fever Subcutaneous 106.6 
(Recurrent fever Intravenous 106.6 
EL Guat cate echaisiercna Spirillosis Intramuscular 3.5 
Ris b bitwise Syphilis Intravenous 23.5 


Among the first observations made by various syphilologists in the 
treatment of human syphilis with arsphenamine was the occurrence of 
untoward symptoms or “reactions” which were at times very severe and 
in some cases even ended fataliy. These symptoms may be classified 
under three heads: (1) those occurring immediately, e.g., flushing of 
the face, lachrymation, edema, swelling of the lips, tongue and eyelids, 
nausea, vomiting and retching, unconsciousness and, in rare instances, 
death; (2) those appearing within 24 hours, e.g., chilliness, rigor, head- 
ache, vertigo, diarrhcea and rise of temperature; (3) those observed after 
24 hours, e.g., epileptiform convulsions, dilation of the pupils, absent 
reflexes, coma and even death. In addition there have been observed 
various mild skin eruptions, also cases of exfoliative dermatitis, jaundice 
and serous apoplexy or hemorrhagic encephalitis. The causes of the 
varied “reactions” following the administration of arsphenamine have 
never been definitely determined. They are dependent upon factors 
related to (1) the patient, e.g., individual susceptibility, physical condi- 
tion; (2) the technic of administration, e.g., the purity, temperature 
‘and volume of water employed in dissolving the drug, the rate of 
injection, the alkalinity of the solution; and (3) the medicament itself, 
e.g., the nature and quantity of impurities.*°*° The majority of investi- 
gators regard the latter as the probable cause of disturbances in the 
patient, despite the fact that the analytical study of arsphenamine 
shows that the amount of impurity present in the drug must be very 
small.1??, According to Danysz?°** the “reactions” are not due to the 
toxicity of the drug but to emboli caused by the intravascular precipi- 
tation of the compound by an excess of certain inorganic ingredients of 
the blood. There is no adequate evidence, however, that precipitation 
occurs after the use of a solution of the disodium salt of arsphenamine.2°47 

The introduction of arsphenamine into therapy about 14 years ago 
marked a new era in the treatment of syphilis. Its use has been attended 
by remarkable results upon syphilitic lesions in particular, and upon 
the course of the discase in general. When injected intravenously, the 
drug produces practically immediate relief to the patient and in many 
cases causes the disappearance of spirochetes from lesions within 24 
hours. These results are not only due to the great destructive effect of 
arsphenamine upon the spirochetes of human syphilis but also to the 
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low toxicity of the drug, which permits of the administration of large 
doses. Such remarkable effects cannot be attained with mercury, even 
im massive doses. Raiziss and Severac have observed the complete dis- 
appearance of trypanosomes from the blood of heavily infected rats as 
early as three hours after the intravenous administration of arsphen- 
amine or neoarsphenamine, so that these drugs may well be regarded as 
medicaments of inestimable value in the treatment and control of 
human syphilis. 

Sodium silver arsphenamine, according to Knopf and Sinn,*4* is not 
more effective than arsphenamine in the treatment of human syphilis, 
while Dreyfus **° claims that it is not only less convenient to handle 
than neoarsphenamine but more frequently produces “reactions” in 
patients. On the other hand, Kolle*°° found that it is superior to 
arsphenamine in both human and experimental syphilis; that the chemo- 
therapeutic index in rabbit syphilis is 25 to 30, and that it produces ster- 
ilization within a comparatively short time. Fabry %! also obtained 
rapid cures in syphilis, but observed that it was not free of “reactions.” 
Lenzmann**? found that although the results obtained with the drug 
in adults are very satisfactory, it is not readily tolerated by children. 
Another disadvantage is the greater care required in the technic of 
administration. 

The introduction of methyl groups into the amino radicals increases 
the toxicity of arsphenamine. Thus, 3,3’-dimethyldiamino- and 3,3’- 
tetramethyldiamino-4,4’-dihydroxyarsenobenzenes are about 10 times as 
toxic as the parent substance, while 3,3’-hexamethyldiammonium-4,4’- 
dihydroxyarsenobenzene is 3 to 5 times as toxic. In addition, the 
hexa- and tetramethyl derivatives were without effect upon animals 
infected with trypanosomes, while the dimethyl compound sterilized the 
animal for a few days, after which a relapse occurred causing death.** 

The introduction of carboxyl groups into the benzene rings of 
arsphenamine has a distherapeutic effect; 1°°* iodine behaves similarly. 
Thus, 5,5’-diiodo-3,3’-diamino-4,4’-dihydroxyarsenobenzene produces a 
permanent cure in mice infected with Spirocheta recurrentis in doses of 
41.5 mg. per kg., but as the maximum tolerated dose is 50 mg. per kg., 
its chemotherapeutic index is much less than that of arsphenamine.** 

It has also been found that the introduction of amino groups into 
arsphenamine has an unfavorable influence upon the toxicity. Thus, 
3,5,3’,5’-tetraamino-4,4’-dihydroxyarsenobenzene is 39 per cent more 
toxic than arsphenamine, while its therapeutic effect is the same as that 


of the parent substance.'°** 


Neoarsphenamine, when injected intravenously into rats, is about 
two and one-half times less toxic than the arsphenamine from which it 
is made, the average maximum tolerated dose of the American product 
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being 254 mg. per kg.**#° With other test animals the following figures 


have been obtained: *°*4 . 
Average 
Route of MTT 
Animal administration mg. per kg, 

ious {Intravenous ..........+-. 250 
bn Pe are ns (Subcntaneoug i s2.5.s-s.e) Se 
H \ Intravenous <6 .24 cess 60 
Sm cree at cues lintramuseulan 2.2.6 se:<len 10 
Pi } Titra VENOUS. ics econ 120 
hes Pa gee /Intramuseular oscars 40 
: ( InGrawenoue, wie. cee te 200 
Rabbit ..............5. )Subeutaneous ........... 100 


On the other hand, the average minimum curative dose of neoarsphen- 
amine administered intravenously, according to the technic of Scham- 
berg, Kolmer and Raiziss,°*? into rats infected with Trypanosoma 
equiperdum, is 3 to 4 mg. per kg.1°® Similar results were obtained by 
Raiziss and Severac, who, employing the same technic as well as that 
of Voegtlin, found the dose to be 4 to 6 mg. per kg.**** The values 
obtained with other animals are expressed in the following table: '°** 


Sterilizing 
Route of dose 
Animal Infection administration mg. per kg. 
AE onic {Recurrent fever Subcutaneous 166.5 
“*ssss***) Recurrent fever Intravenous 199.8 
Henge. .e oO DIrh Osis Intramuscular 6 
a WDaGy mae eee Syphilis Intravenous 30-40 


Neoarsphenamine is, as a rule, better tolerated by patients than 
arsphenamine, but, like the latter, it also produces “reactions,” the causes 
of which are as yet unknown. Unlike arsphenamine it has no effect 
on the pulmonary pressure when injected intravenously into dogs. 
Furthermore, it is not hemolytic, except. in very dilute solutions (0.9 g. 
in 180 c.c. of water) or in extremely concentrated solutions (0.9 g. in 2 
to 3 c.c.) while arsphenamine is hemolytic in practically all concentra- 
tions in which it is used. Another fact of importance is the hydrogen- 
ion concentration of these two compounds—in the case of neoarsphen- 
amine it is 7 to 7.4, which is approximately the same as that of the 
blood, whereas a properly alkalinized solution of arsphenamine has a 
hydrogen-ion concentration beyond 9. Therefore, there is less bio- 
chemical disturbance of the blood and tissues after the administration 
of neoarsphenamine. 

Despite the fact that some syphilologists still regard arsphenamine 
superior to neoarsphenamine, the latter is nevertheless more widely 
employed, as it exerts practically the same favorable influence upon the 
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disease with a greater degree of safety. The dictum enunciated many 
years ago, “Once a syphilitic, always a syphilitic,” is gradually giving 
way to the belief that syphilis is curable with the aid of such powerful 
remedies as arsphenamine and neoarsphenamine. The economic and 
social benefits to the community effected by the use of arsphenamine 
and neoarsphenamine have been enormous. One of the most important 
results of the use of these powerful remedies is that the patient soon 
after treatment is rendered relatively innocuous as far as transmitting 
the disease to others is concerned. We can gain some idea of the extent 
of the use of arsphenamine and neoarsphenamine in therapy when we 
consider that about two million doses of American-made products are 
employed annually in the United States, about one-half of which is 
dispensed to indigent patients by the various state boards of health. 
During the war our Army and Navy alone utilized hundreds of thousands 
of doses of these arsenicals manufactured in this country, and the results 
obtained were so striking that patients were again rendered fit for mili- 
tary service within a very short time.'**® 


Silver neoarsphenamine.—The chemotherapeutic index of this eom- 
pound in rabbit syphilis almost equals that of silver arsphenamine. The 
absolute quantity of the compound required to effect the complete dis- 
appearance of chancres is slightly larger than that of silver arsphen- 
amine, but smaller than that required in the case of neoarsphenamine. 
Furthermore, silver neoarsphenamine is only about one-half as toxic 
as silver arsphenamine, and slightly more toxic than neoarsphenamine, 
as seen in the following values obtained by Kolle: 1°°* 


Maximum Tolerated Dose 


per kg. 
(Silver neoarsphenamine ..... 278 mg. 
WiiCeeier seen sc ‘Neoarsphenamine ............ 370 “ 
[Silver prepuenamine ~ 5.0.5 40100 0°) 
{Silver neoarsphenamine ..... 160 mg. 
Rapbite 2) 0 eo, Necarsphenamine ) 7.8.4... 6 2208 
(Silver arsphenamine ........ IO ke 


The most significant feature connected with its clinical appleation 
is its failure to produce the angioneurotic symptom complex. It com- 
bines the chemotherapeutic superiority of silver arsphenamine with the 
important practical advantages of neoarsphenamine, such as ease of 
solubility and comparatively low toxicity. In addition, its aqueous 
solution is practically stable in air. 


Suipharsphenamine is tolerated intravenously by white rats in doses 
of 300-400 mg. per kg., while the minimum curative dose in the same 
species infected with Trypanosoma equiperdum is two to three times 
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that of neoarsphenamine.’*** According to Voegtlin"*® the M. L. D. 
for white rats ranges from 320 to 480 mg., and the M. E. D. from 15.9 
to 31.5 m. per kg. when administered intravenously. When injected 
subcutaneously in the same species, the M. L. D. is 400 to 700 mg. and 
the M. E. D. 15.6 to 34 mg. per kg. In rabbits injected intravenously 
the M. L. D. is 320 mg. per kg. From these figures it can be seen 
that sulpharsphenamine is much less toxic than arsphenamine and com- 
pares favorably in this respect with neoarsphenamine. 

According to Voegtlin the trypanocidal power of sulpharsphenamine 
approximately equals that of the average sample of commercial neo- 
arsphenamine, but the results obtained by Raiziss show that it is inferior 
to the latter in this respect. In addition, it acts more slowly upon 
Trypanosoma equiperdum than either arsphenamine or neoarsphenamine. 
Sulpharsphenamine is best adapted for subcutaneous or intramuscular 
medication—the latter being generally preferred, especially in the treat- 
ment of children or when the veins are small or inaccessible. 


3,3’-Diacetyldiamino-4,4’-dihydroxyarsenobenzene acts more favor- 
ably than arsphenamine when injected subcutaneously into mice, the 
M. T. D. being 500 mg. and the minimum curative dose, 83.5 mg. per kg. 
In rabbit syphilis or chicken spirillosis, however, its curative power is 
less than that of arsphenamine.**® 


3,3’-Dicarbamido-4,4’-dihydroxyarsenobenzene cures mice infected 
with Spirocheta recurrentis in doses of 166.5 mg. per kg., while the 
Modis 500 mes pemica= 


The arsenostibino compounds exhibit an appreciable curative power 
in animals infected with trypanosomes. This is especially true of 
3-amino-4-hydroxy arseno-4’-acety laminostibinobenzene hy drochloride.2®*® 


Phenylarsonic and 4-methylphenylarsonic acids are both effective 
trypanocides, but they are also very toxic.'°*" 


4-Iodo-, Iodoso- and Iodoxyphenylarsonic acids have approximately 
the same toxicity, which amounts to 25 mg. per kg. It is interesting 
to note that the iodo and iodoso derivatives produce icterus in mice, 
while the iodoxy compound does not.?°* 


p-Arsanilic acid and atoxyl.—As early as 1902 Blumenthal !°°8 
showed that atoxyl produces favorable results in cases of chlorosis, 
anemia and carcinoma, while Schildt °°’ obtained cures in xanthoma 
diabeticorum and lichen ruber, and also improvements in eases of psori- 
asis by employing atoxyl subcutaneously. Three years later Thomas 
and Breinl '°°° found that the same compound effected cures in experi- 
mental trypanosomiasis in mice. In 1907 Koch reported beneficial 
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results in the treatment of sleeping sickness by means of atoxyl.1%* 
This was followed by a series of extensive investigations by many 
scientists, among whom were Ehrlich, Hata, Shiga, Levaditi, MacIntosh, 
Uhlenhuth, Gross, Manteufel,‘*°? Mulzer,*** Bitter, Dreyer,!°°? Nieren- 
stein,'°°* Bickel,°°* Hoffman, Roscher,!*** Salmon,**? Hallopeau,15* 
Metschnikoff, Neisser, Lesser and Iversen.!*°® Thus, it was shown by 
Ehrlich and Shiga that atoxyl is without effect upon trypanosomes in 
vitro but is active in vivo. More or less favorable results were obtained 
by the above imvestigators in experimental trypanosomiasis, chicken 
spirillosis and even in human syphilis. Later Schamberg, Kolmer and 
Raiziss demonstrated that complete cures may be obtained in white 
rats infected with Trypanosoma equiperdum. It soon became evident, 
however, that the compound is very dangerous for human medication, 
as it produces nervous disorders and affects the optic nerve, causing 
either temporary or permanent blindness. Although the greater part 
of the atoxyl introduced into the body appears in the urine unchanged, 
its toxic action is probably due to a splitting off of arsenic, which pro- 
duces the usual symptoms of arsenic poisoning, and to the reduction of 
a part of the atoxyl by various body cells, the resulting compound 
inducing local poisoning.'°%* 

Within recent years Raiziss has found that pure arsanilic acid is 
tolerated by white rats in doses as high as 150 mg. per kg. when intro- 
duced intravenously, while according to Voegtlin and Smith '?7 the 
M. T. D. of anhydrous atoxyl is 239 mg., the M. L. D. 358.5 mg. and 
the M. E. D. in experimental trypanosomiasis is 89.6 mg. per kg. 

Uhlenhuth and his associates investigated a mercurated derivative 
of atoxyl with which they obtained better results in rabbit, chicken and 
human syphilis than with atoxyl itself. 


Sodium acetyl-p-arsanilate (Arsacetin) is tolerated, according to 
Ehrlich, in doses from 3 to 10 times as large as that of atoxyl, depending 
upon the individual experimental animal.'° Breinl found it effective 
in curing experimental trypanosomiasis, while in experimental recurrent 
fever Hata observed that it does not produce prolonged sterilization, 
although it yields better results than atoxyl. In cases of relapsing 
fever, patients treated successively with atoxyl and arsacetin become 
resistant toward the latter, thereby confirming Ehrlich’s theory regard- 
ing drug-fastness in trypanosome or spirochetal infections. '°? Accord- 
ing to the most recent investigations the M. L. D. of arsacetin is 2.108 g., 
presi. 20) D., 1.405 g.,.and the M. 4H. D., 105.4 mg. per kg?" It is 
tolerated by healthy hens in doses of 125 mg. per kg., while the curative 
dose in chicken spirillosis is 30 to 40 mg. per kg.'°" 


4-Sulfomethylaminophenylarsonic acid.—The introduction of a 
sulfomethyl- group into the amino radical of p-arsanilic acid reduces 
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not only the toxicity, but also the curative power of the parent com- 
pound,?°48 


Tryparsamide (N-phenylglycineamide-4-arsonic acid) —This com- 
pound yields satisfactory results by the various methods of adminis- 
tration and can be given in very large doses. The following table shows 
the M. L. D. for various experimental animals arranged according to the 


method of injection: 
Intravenous Intraperitoneal Subcutaneous 


Animal g. per kg. g. per kg. g. per kg. 
MOUSe) a virta sacceee 2.0 2.0-2.25 2.5-2.75 
TAU err. a A ae aoe 0.75-1.75 1.0 
UTE He DIO eee teg eee ae 1.5 1.5 
Rabbit ssp i nee one 0.75-0.9 Val! cir 
A Kerala) a oe een es 1.25-1.5 


The toxic effects of the drug are confined to doses relatively close to 
the M. L. D., and the recovery of animals from sublethal intoxications 
is remarkably rapid and complete. This makes possible the repeated 
administration of even very large doses of the drug at comparatively 
short intervals, without incurring the dangers incident to cumulative 
action or to superposition of toxic effects. On the contrary, by taking 
advantage of this peculiarity of action, it 1s possible to develop such a 
degree of tolerance on the part of animals that the dose of the drug 
administered can be progressively increased to a point well above that 
which is fatal to the normal animal. This stands out as the feature 
of its toxicologic action, which is of greatest significance in the use of 
the drug for therapeutic purposes. 

The minimum curative dose with mice infected with Trypanosoma 
brucei is 275 mg. per kg. intraperitoneally, and 200 mg. intravenously. 
With Trypanosoma equiperdum in the same species the minimum cura- 
tive dose is 225 mg. per kg. intraperitoneally; for rats the dose required 
ranges from 250 to 500 mg. per kg. intraperitoneally, while in the case 
of guinea pigs cures are obtained with 150 to 250 mg. per kg. The 
rapidity of the trypanocidal action of the drug in the above animals 
is quite marked, 1.e., with curative doses, the drug becomes quickly 
available after its administration, and remains in an active biological 
state long enough to accomplish its trypanocidal action, for in 18 to 24 
hours after the treatment of a 24-hour infection, the peripheral blood is 
free of parasites. Its chemotherapeutic index for mice in the preceding 
experiments is 8, for rats 3 and for guinea pigs 10. 

Tryparsamide also exhibits a marked trypanocidal activity in human 
trypanosomiasis caused by Trypanosoma gambiense, single doses of 0.5 
to 5.0 g. producing peripheral sterilization of the blood and lymph glands 
in from 6 to 12 hours. The immediate trypanocidal action after intra- 
muscular administration is as rapid as that following the intravenous 
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route, while the duration of peripheral sterilization is appreciably 
longer. The general beneficial effect of the drug is a noticeable feature 
of its action in both early and advanced cases as shown by the dis- 
appearance of subjective symptoms, by the return of the pulse and 
temperature to normal limits, by the pronounced improvement of the 
blood picture and by well-marked gains in weight.1°” 


3,5-Dichloro-4-hydroxyphenylarsonic acid is tolerated by mice in 
doses of 666.5 mg. per kg., and sterilizes the same animals infected with 
Spirocheta recurrentis in doses of 500 mg. per kg. Unfortunately, this 
compound subsequently produces disturbances in the nervous system of 
the experimental animals, and for this reason has never found practical 
application in therapy.t®7? 


3-Amino-4-hydroxyphenylarsonic acid can be tolerated by white rats 
in doses as high as 500 mg. per kg., while the minimum sterilizing dose 
for the same species infected with Trypanosoma equiperdum is 80 mg. 
per kg., both tests being carried out intravenously.®*? According to 
Hata 1°74 it is tolerated by mice in doses as high as 1250 mg., while 
the sterilizing dose for recurrent fever in the same animal is 833.5 mg. 
per kg. However, it is claimed that it cannot be employed in practical 
therapy, as it seriously affects the nervous system. The results obtained 
in white rats by Voegtlin and Smith with the sodium salt of this acid are: 
M. L. D., 637.5 mg., M. T. D., 382.5 mg., while the M. E. D., employing 
Trypanosoma equiperdum, is 95.6 mg. per kg.1®?7 

Mercurated arsonic acids are not superior to the corresponding non- 
arsenated mercurials with regard to germicidal or curative value.*®**t 

Elarson (strontium chloroarsinosobehenolate) is ineffective in mice 
infected with trypanosomes. When injected intravenously, it not only 
lowers the blood pressure but is also more toxic than arsenious acid.1°* 


Appendix II. Analyses of Organic Arsenicals. 


The following methods have been employed by various investigators 
for the estimation of arsenic: 


1. The method of Carius. 

2. A mixture of the arsenical and soda-lime is heated in a current 
of oxygen, the resulting mass dissolved in hydrochloric acid, and the 
arsenic precipitated as the trisulfide by hydrogen sulfide. The pre- 
cipitate is then dissolved in fuming nitric acid and finally weighed as 
magnesium pyroarsenate.'°’® 

3. The substance is decomposed in a porcelain crucible with a solu- 
tion of magnesium oxide in nitric acid (d, 1.38) by heating first on a 
water-bath, then in a sand-bath, and finally over a free flame. The 
residue is taken up with hydrochloric acid, and the arsenic finally pre- 
cipitated with magnesia mixture.'5"* 

4. The compound is destroyed by warming with chromic and sul- 
furic acids. The arsenic is precipitated as the trisulfide, which is then 
oxidized with ammoniacal hydrogen peroxide, precipitated as magnesium 
ammonium arsenate, and finally weighed as the pyroarsenate.'**S 

5. The substance is decomposed by heating with pure zinc oxide. 
The mass is then dissolved in acid, the arsenic precipitated as the tri- 
sulfide which is then oxidized to arsenic acid and finally weighed as 
magnesium pyroarsenate.'®"® 

6. The organic arsenical is fused with sodium peroxide in a silver 
crucible, the resulting mass dissolved in water, evaporated twice with 
nitric acid, and the arsenic weighed as magnesium pyroarsenate.!°°° 

7. 0.2 to 0.38 g. of the finely powdered substance is fused with 10-15 
g. of a mixture of equal parts of sodium peroxide and sodium carbonate, 
the mass extracted with water and rinsed into a 450 e.c. conical flask. 
From 25 to 31 c.c. of sulfuric acid (1:1) are cautiously added, and, if 
necessary, the solution is boiled down to 100 ¢.c. 1 g. of potassium 
iodide is now introduced, and the liquid further concentrated to 40 c.c. 
A few drops of dilute sulfurous acid are added to destroy the last traces 
of iodine, and the bright green solution is diluted with hot water and 
saturated with hydrogen sulfide. The arsenic trisulfide is washed about 
three times with hot water, dissolved off the filter with 20 e.c. of 0.1 
N-sodium hydroxide and treated with 30 c.c. of hydrogen peroxide, the 
excess being destroyed by heating on the water-bath for 10 minutes. 
After the frothing has subsided, a few drops of phenolphthalein are 
added, followed by 11 c.c. of sulfuric acid (1:1). Potassium iodide 
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(1 g.) is now added to the liquid, which is then concentrated to 40 c.c. 
and the pale yellow color removed by a few drops of dilute sulfurous 
acid. After adding a volume of 10 per cent sodium phosphate solution 
equal to the number of cubic centimeters of 0.1 N-iodine required in the 
titration, the arsenite solution is titrated with standard iodine in the 
usual way. 

A variation of this method consists in oxidizing the precipitate of 
arsenic trisulfide with alkaline hydrogen peroxide, and precipitating as 
magnesium ammonium arsenate.!**! 

8. 0.2 to 0.4 g. of the finely powdered compound is fused with a 
mixture of 10 g. of finely powdered, dry potassium nitrate and 5 g. of 
sodium peroxide in a nickel crucible. The melt is then dissolved in hot 
water, and the solution carefully acidified with hydrochloric acid. After 
filtering, the liquid is neutralized with ammonia, the arsenic precipitated 
as Magnesium ammonium arsenate and weighed as magnesium pyro- 
arsenate.'°° 

9. 0.25 to 0.3 g. of the compound is decomposed by the Kjeldahl 
method, using 25 c.c. of concentrated sulfuric acid, 10 g. of potassium 
sulfate and a very small crystal of copper sulfate. After the destruction 
of the organic matter and dilution with water, the arsenic is precipitated 
by hydrogen sulfide, and determined gravimetrically in the usual way 
as Magnesium pyroarsenate.?™ 

10. Lehmann’s method: '°** The substance (0.2 g.) is transferred to 
a 200 c.c. ground glass stoppered Erlenmeyer flask, and 1 g. of finely 
powdered potassium permanganate added, followed by 5 c.c. of dilute 
sulfuric acid. The mixture is allowed to stand for 5-10 minutes, during 
which time the flask is frequently rotated to insure the complete mixing 
of the materials. 10 ¢.c. of concentrated sulfuric acid are now added in 
portions of about 2 c.c., the flask being rotated after each addition. 
When the reaction has ceased, 3 per cent hydrogen peroxide (5-10 c.c.) 
is added in small portions until all the manganese dioxide has been 
dissolved. Toward the end the hydrogen peroxide should be added 
drop by drop to avoid a large excess. The liquid is then diluted with 
25 c.c. of distilled water and boiled for about 10 minutes until the 
excess of peroxide has been completely destroyed. The remaining solu- 
tion is then diluted with 50 c.c. of distilled water, cooled and 2.5 g. of 
potassium iodide added. The flask is now tightly stoppered, allowed 
to stand for one hour in a dark place, and the hberated iodine titrated 
with standard sodium thiosulfate: without a starch indicator. 

Myers and DuMez'**! have found it practically impossible to 
remove all of the excess of hydrogen peroxide by boiling, unless the 
solution is evaporated to a very small volume, when it is liable to 
become colored brown, due to the further action of the hot concentrated 
sulfuric acid. Accordingly, they removed the last trace of hydrogen 
peroxide by adding a drop or two of permanganate solution (1 per cent) 


516 ORGANIC ARSENICAL COMPOUNDS 


and destroying the resulting pink color by the addition of a very slight 
excess of oxalic acid solution. The same investigators also suggested 
that a blank test be carried out under exactly the same conditions and 
the final reading corrected accordingly. Fargher’s modification *°** is 
the same as that of Myers and DuMez except that before the addition 
of the hydrogen peroxide the mixture is heated to gentle boiling for 
30 minutes with 10 c.c. of water. 

The modified method is simple, accurate, reliable, inexpensive and 
rapid. It cannot be used with all organic arsenicals, however, as certain 
compounds, e.g., benzarsonic acid, are not completely oxidized by the 
preliminary treatment with potassium permanganate and sulfuric acid. 

11. The following method is quoted from the Pharmacopeia Ger- 
mania: 2" 

The arsenic compound (0.2 g.) is oxidized by means of 10 c.c. of 
concentrated sulfuric acid and 1 c.c. of fuming nitric acid in a long- 
necked 100 c.c. Jena flask. After boiling for one hour, the cooled mix- 
ture is treated with 50 c.c. of water, evaporated, and the procedure 
repeated. To the cold solution are now added successively 10 c.c. of 
water, 2 g. of potassium iodide in 5 c.c. of water, and sufficient water 
to dissolve the precipitate. After standing for thirty minutes, the 
liberated iodine is titrated without an indicator. 

12. Another procedure consists in transferring the sample (0.5 g.) 
into a 500 c.c. Erlenmeyer flask, adding about 10 c¢.c. of water, then 5 c.c. 
of nitric acid, heating on a hot plate, and adding ammonium persulfate 
until the solution is water-white. If the decomposition is extremely 
difficult and a yellow color persists, boiling for a few minutes with a 
few cubic centimeters of water and several grams of ammonium persulfate 
will produce decolorization. The solution is then diluted up to 100 c.c. 
and treated with a saturated solution of sodium ammonium hydrogen 
phosphate (5 c.c.) followed by an excess of magnesia mixture (about 
40 c.c.). If a precipitate forms it is redissolved in dilute nitric acid. 
The whole is then maintained at or near the boiling point, an excess of 
ammonia added, and the liquid allowed to stand for about two hours. 
The resulting precipitate is filtered off, washed with dilute ammonia, and 
dissolved in 70 c.c. of dilute hydrochloric acid (3:2). To the solution 
are added successively 3 g. of potassium iodide dissolved in 6 ¢.c. of water, 
and 70 c.c. of water, and the berated iodine titrated with sodium thiosul- 
fate, using starch on approaching the end point.?°’* 

13. Ewins’ method: The substance (0.1 to 0.2 g.) is mixed in a 
300 c.c. Kjeldahl flask with 10 g. of potassium sulfate, 0.2 to 0.3 g. of 
starch and 20 c.c. of concentrated sulfuric acid. The whole is warmed 
gently over a Bunsen flame for 10 to 15 minutes until the frothing 
diminishes, and then vigorously for about four hours, when complete 
oxidation occurs. The liquid is cooled, transferred to a 350 e.c. Erlen- 
meyer flask and rendered barely alkaline to litmus by means of 10-12 


ANALYSES OF ORGANIC ARSENICALS 517 


N-sodium hydroxide. The flask and its contents are then cooled to 
about 30-40°, concentrated sulfuric acid added drop by drop until the 
solution is again distinctly acid, and a saturated solution of sodium 
bicarbonate added until the whole is distinctly alkaline and an excess of 
5 to 10 c.c. of the reagent is present. The arsenious acid is then titrated 
with 0.05 N-iodine solution, employing 2 c.c. of a 1 per cent starch 
solution as an indicator. Toward the end of the titration, the solution 
usually develops a reddish-violet tint which fades on standing. The 
end point, however, is reached when the solution acquires the charac- 
teristic permanent deep blue color given by free iodine in the presence 
of starch,.*°2* 

14. By another method 0.2 ¢. of the substance is weighed into a 
150 c.c. Erlenmeyer flask, and heated with 5.5 c.c. of concentrated sul- 
furic acid and 1 c.c. of fuming nitric acid for about one hour. The 
flask is then slightly cooled, 10 or 15 drops of fuming nitric acid added, 
and the whole heated for 5 minutes to insure complete oxidation. After 
cautiously adding 1 g. of solid ammonium sulfate, the flask is first shaken 
until the evolution of nitrogen is complete, then cooled, and the liquid 
diluted with water to 60 or 70 c.c. To the mixture are added 1 g. of 
potassium iodide and a few grains of porous clay plate, and a simple 
bulb trap, such as an inverted 25 c.c. flask with a side vent, is placed 
in the mouth of the Erlenmeyer flask. The liquid is now concentrated to 
a volume of 40 c.c. and the bulb trap rinsed into the flask. After remov- 
ing the iodine tint by means of 0.01 N-thiosulfate, the solution is diluted 
to 100-120 ¢.c. with cold water, transferred to a 500 c.c. Erlenmeyer flask 
containing 50 c.c. of 4 N-sodium carbonate solution, and the residual 
acid neutralized with a slight excess of sodium bicarbonate. Starch 
solution is then added and the arsenite present titrated with standard 
iodine solution. No blank is necessary.'**® 

Carbon and hydrogen in organic arsenicals are determined: 

1. By combustion with a mixture of lead chromate and copper 
oxide in a current of oxygen.’®”° 

2. By a modification of the Dennstedt procedure described by Falkov 
and Raiziss.°°° Both the apparatus and the procedure are identical 
with those described by Dennstedt *°** except that the wider part of the 
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A, porcelain boat with substance; B, porcelain boat with red lead; P, a piece 
of broken porcelain to prevent the accidental deposition of any particles upon 
the catalyst. Lj ashi ua blind 
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inner tube is 5 or 6 cm. longer, and that Boat B containing red lead is 
placed 3 cm. from Boat A (Fig. 3). 

The red lead reacts quantitatively with the arsenic oxide formed dur- 
ing the combustion, forming lead arsenate which does not decompose at 
comparatively high temperatures. This stability of the lead arsenate is 
of great convenience as carbonaceous matter, which frequently settles 
upon it, can be entirely removed by continued heating. The red lead 
is prepared from pure lead peroxide, by drying in an oven at 140° and 
then gradually heating it in a current of oxygen until it is dark red, 
after which it is cooled and kept in a desiccator. 
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p-p’-Arsenobis[ N-ethyl-N-(2-aminopheny]) glycine ]158 

p-p’-Arsenobis( N-ethyl-N-phenylglycine), 158 

p-p’-Arsenobis[ N-methyl-N-(2-aminopheny]) glycine], 158 

p-p’-Arsenobis[ N-methyl-N-(3-aminopheny]) glycine], 158 

p-p’-Arsenobis( N-methyl-N-phenylglycine), 157 

Arseno-bismuth compounds, 179 

p-Arsenocholesterylbenzoate, 171 

p-Arseno-o-cresol, 161 

4’-Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone), 464 

N-4’-Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone)-diacetie acid, 464 

N-4’-Arsenodi(1-phenyl-2,3-dimethyl-4-amino- 5- pyrazolone-(dimethylenesulfoxylic 
acid, 464 

N-4’-Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone)-methylenesulfurous acid, 
464 


N-4’-Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone)-monoacetic acid, 464 
N-4'-Arsenodi(1-phenyl-2,3-dimethyl-4-amino-5-pyrazolone)-monomethylenesulfoxyl- 
ic acid, 464 
Arsenoethane, 39 
p-Arsenohippuric acid, 171 
Arsenomethane and polymers, 46 
4-Arseno(2-methylphenylglveine), 156 
p-Arsenomyricylbenzoate, 171 
Arseno-a-naphthalene, 152 
Arseno-$-naphthalene, 152 
p-Arsenophenetole, 162 
p-Arsenophenol, 161 
4-Arsenophenylglycine, 156, 504 
p-Arsenophenylglycollic acid, 162 
Arsenophenylmethane, 105 
p-Arsenophenylthioglycollic acid, 162 
Arsenophosphides, 177 
p-Arsenoquininebenzoate, 171 
p-Arsenostovaine, 171 
Arsenothiophene, 462 
o-Arsenotoluene, 151 
m-Arsenotoluene, 151 
p-Arsenotoluene, 151 
p-Arseno-o-tolylglycine, 156 
“Arsenoxide,” 136, 504 
Arseno-m-xylene, 151 
Arseno-p-xylene, 152 
Arsepidine bromide, 456 
Arsinotribenzoic acid, 233 
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m-Arsinoxybenzoic acid, 369 

4-Arsinoxybenzophenone, 141 

4-Arsinoxybenzoylalanine, 140 

4-Arsinoxybenzoylaspartic acid, 140 

4-Arsinoxybenzoylglutamic acid, 140 

4-Arsinoxybenzoylelycine, 140 

4-Arsinoxybenzoylleucine, 140 

4-Arsinoxybenzoylphenylalanine, 140 

4-Arsinoxybenzoyltyrosine, 140 
4-Arsinoxy-4’-methylbenzophenone, 142 
4-Arsinoxyphenylthioglycollic acid, 142 

Arsinoxystovaine, 139 
1(4’-Arsono-3’-methoxypheny])-2-phenyl-4,5-diketopyrrolidine, 473 
1(4’-Arsono-3’-methylpheny1)-2-phenyl-4,5-diketopyrrolidine, 473 
1(4’-Arsonophenyl-2-(4’-chloropheny])-4,5-diketopyrrolidine, 473 
1(4’-Arsonopheny1)-2-(2’-methoxypheny1)-4,5-diketopyrrolidine, 473 
1(4’-Arsonopheny])-2-(4’-methoxypheny])-4,5-diketopyrrolidine, 473 
1-(4’-Arsonophenyl)-2-(3',4’-methylene dioxyphenyl!)-4,5-diketopyrrolidine, 473 
1-(4’-Arsonopheny]1)-2-phenyl-4,5-diketopyrrohidine, 472 
“Arsphenamine,” 180, 186, 504 

Arsphenamine base, 185 

Arsphenamine-copper compounds, 191 

Arsphenamine-gold compounds, 191 

Arsphenamine-mercuric compound, 192 

Arsphenamine-mercury and antimony compound, 192 
Arsphenamine, metallic coordination compounds, 189 
Arsphenamine-palladium compound, 191 
Arsphenamine-platinum compound, 191 

Arsphenamine-silver compounds, 189 

Arsphenamine-silver and gold compound, 191 
N-(p-Arsylphenyl) glycine, 106 

Aryl arsenites, 489 

“Asiphyl,” 278 

“Aspirochyl,” 278 

AOR Ve 27. O00) 

Azimidophenazine-7-arsonic acid, 476 

Azobenzene-4-arsonic acid, 283 

o-Azobenzenediarsonic acid, 263 

m-Azobenzenediarsonic acid, 263 

p-Azobenzenediarsonic acid, 283 

Azoxybenzene-4 ,4’-diarsonic acid, 256 


‘Bart reaction,” 28 

Béchamp reaction, 20 

p-Benzarsenious acid, 138 
p-Benzarsenious chloride, 124 
p-Benzarsenious iodide, 124 
o-Benzarsonic acid, 368 

m-Benzarsonic acid, 369 

p-Benzarsonic acid, 369 
Benzenediazonium-4-arsonate, 278 
Benzene-m-3’ ,3’-disulfamino-bis-3-amino-4,4’-dihydroxyarsenobenzene, 199 
Benzimidoazolonearsonic acid, 323 
1.3-Benzodiazole-5-arsonic acid, 470 
y-Benzophenarsazinic acid, 478 
Benzephenone-4-arsenious acid, 141 
Benzophenone-4-arsineoxide, 141 
4-Benzopheronearsonic acid, 375 
4-Benzoylalaninearsonic acid, 374 
4-Benzoylaminophenylarsoni¢ acid, 291 


41 
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Benzoyl] arsenite, 489 
4-Benzoylaspartic acid-l-arsonic acid, 375 
4-Benzoylglutamic acid-l-arsonic acid, 375 
Benzoylguaiacolarsonic acid, 345 
4-Benzoylleucinearsonic acid, 375 
4-Benzoylphenylalanmearsonic acid, 375 
4-Benzoyltyrosinearsonic acid, 375 
Benzyl-p-arsanilic acid, 317 
Benzylarsine, 105 
Benzylarsinedisulfide, 382 
Benzylarsonic acid, 243 
Benzyldichloroarsine, 117 
Benzylidene-4-amino-3-methylphenylarsonic acid, 261 
Benzylidene- 20 arsanilic acid, 289 
7-Benzyloxy-7,12-dihydro-y- -benzophenarsazine, 461 
Bis(S- acetylhydr osulfaminopheny])- 4,4’ -arsinesesquisulfide, 147 
Bis { p-[ (acetylmer capto)amino]phenylarsylene | trisulfide, 147 
3,3'-Bis(2-amino-3,6-disulfo-l-naphthylazo)arsenobenzene, 153 
4.4! -Bis(1-amino-8-hydroxy-3,6-disulfo-7-naphthylazo)arsenobenzene, 153 
4.4’-Bis(2-amino-6-sulfo-8-hydroxy-1-naphthyazo) arsenobenzene, 153 
Bis-[o-(carboxymethoxy )-o-hydroxybenzyl]phenylarsine, 111 
Bis(carboxytolyl) phenylarsine oxide, 422 
Bis(carboxyxylyl) phenylarsine oxide, 422 
Bis(dibromo-3-aminophenyl)arsinic acid, 396 
Bis(dicarboxytolyl) phenylarsine oxide, 428 
3,3’-Bis(0,a-dihydroxybenzylamino)-4,4’-dihydroxyarsenobenzene, 193 
3,3’-Bis(p,a-dihydroxy-m-methoxybenzylamino)-4,4’-dihydroxyarsenobenzene, 194 
Bis(diiodomethyl)arsinic acid, 82 
Bis(a-hydroxybenzy1!)2-chlorophenylarsine, 112 
Bis(o-hydroxybenzyl)4-chlorophenylarsine, 111 
Bis(a-hydroxybenzyl) phenylarsine, 111 
Bis(a-hydroxybenzy!)-o-tolylarsine, 111 
Bis(a-hydroxybenzyl-p-tolylarsine, 111 
Bis(a-hydroxy-n-butyl) phenylarsine, 110 
Bis(a-hydroxy-4-chlorobenzy!)phenylarsine, 111 
Bis(a-hydroxyethyl-4-chlorophenylarsine, 111 
Bis(a-hydroxyethyl) phenylarsine, 110 
Bis(a-hydroxyethy!) o-tolylarsine, 111 
Bis(a-hydroxyethy1)p-tolylarsine, 111 
Bis(a-hydroxy-n-heptyl) phenylarsine, 110 
Bis(a-hydroxyisovalery!)phenylarsine, 110 
3,3 -Bis(a-hydroxy-p-methoxybenzyl: imino )- 4.4’-dihydroxyarsenobenzene, 194 
Bis(a- hydroxy-4-methoxybenzy 1) phe nylarsine, 111 
oles -Bis[ (hydroxy methyl)amino] -4 4’ -hydroxy arsenobenzene dihydrochloride, 193 
3,0 -Bis(a-hydroxy-m-nitrobenzy lamino)-4,4 "dihy droxyarsenobenzene, 193 
3,3’-Bis(o-hydroxy-y-phenylallylamino) -4,4’ -dihydroxy: arsenobenzene, 194 
Bis(a- hydroxy-n-propyl) phenylarsine, 110 
6,6-Bisphenoxarsine, 462 
Bis(tribromo-3- aminophenyl)arsimie acid, 396 
Bis(tricarboxyphenyl) phenylarsine oxide, 423 
3-Bromo-4-aminophenylarsonic acid, 326 
Bromoarsinosobehenolie acid, 101 
Bromoarsinosobehenolic acid anhydride, 101 
Bromoarsinosooctine, 99 
Bromoarsinosostearolie acid, 100 
7-Bromo-7,12-dihydro-y-benzophenarsazine, 456 
2-Bromo-4-dimethylaminophenylarsineoxide, 135 
2-Bromo-4-dimethylaminophenylarsinesulfide, 145 
2-Bromo-4-dimethylaminophenylarsonic acid, 328 
x Bromo-4-dimethylaminophenyldibromoarsine hydr obromide, 122 
2-Bromo-4-dimethylaminophenyldichloro: wsine hydrochloride, 122 
2-Bromo-4-dimethylaminophenyldiiodoarsine hy driodide, 122 
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2-Bromo-3,5-dinitro-4-methylnitraminophenylarsonie acid, 334 
4-Bromo-3-nitrophenylarsonic acid, 254 ; 
Bromooctinearsonic acid, 101 

2-Bromophenylarsonic acid, 247 

4-Bromophenylarsonie acid, 248 
2-Bromophenyldichloroarsine, 119 

p-(Bromostibarseno) acetanilide, 178 
7-n-Butoxy-7,12-dihydro-y-benzophenarsazine, 461 
n-Butylarsonic acid, 74 

n-Butyldichloroarsine, 43 

4-n-Butyrylaminophenylarsonic acid, 290 


Cacodyl, 63 

Cacodyl bromide, 55 

Cacodyl chloride, 54 

Cacodyl cyanide, 58 

Cacodyl disulfide, 62 

Cacodyl] fluoride, 56 

Cacodylic aeid, 78, 503 

Cacodyl iodide, 56 

Cacodyl oxide, 60 

Cacodyl] selenide, 62 

Cacodyl sulfide, 61 

Cacodyl thiocyanate, 59 

Cacody] trichloride, 77 

“Cadet’s fuming liquid,” 17, 54 
4-Carbamido-3-carboxyphenylarsonic acid. 373 
3-Carbamido-4-hydroxyphenylarsonic acid, 361 
4-Carbamido-3-methylphenylarsonic acid, 266 
4-Carbamidophenylarsonic acid, 292 
3-Carbethoxyamino-4-hydroxyphenylarsine, 107 
4-Carbethoxyamino-2-hydroxyphenylarsonic acid, 360 
3-Carbethoxyamino-4-hydroxyphenylarsonie acid, 361 
4-Carbethoxyaminophenylarsineoxide, 133 
3-Carbethoxyaminophenylarsonic acid, 266 
4-Carbethoxyaminophenylarsonic acid, 291 
4’-Carboxamidobenzyl-p-arsanilic acid, 318 
2/-Catboxamidophenoxyacetyl-p-arsanilic acid, 298 
4’-Carboxamidophenoxyacetyl-p-arsanilic acid, 298 
9’-Carboxamidophenoxyethyl-p-arsanilic acid, 319 
m-Carboxamidophenylglyeyl-p-arsanilic acid, 296 
p-Carboxamidophenylglyeyl-p-arsanilic acid, 296 
3-Carboxy-4-aminophenylarsine, methyl ester, 108 
4’-Carboxybenzyl-p-arsanilic acid, 318 

4 or 2-Carboxy-2 or 4-methylphenylarsonic acid, 371 
2-Carboxy-5-methylphenylarsonic acid, 371 
4-Carboxy-4’-methyltriphenylarsine dichloride, ethyl ester, 412 
4-Carboxy-4’-methyltriphenylarsine oxide, 421 
1-Carboxynaphthaleneazobenzene-4’-arsonic acid, 286 
4-Carboxyphenylarsenious acid, 138 
4-Carboxyphenylarsine, 108 
4-Carboxyphenylarsineoxide and esters, 138 
2-Carboxyphenylarsonic acid, 368 
3-Carboxyphenylarsonic acid, 369 
4-Carboxyphenylarsonic acid, 369 
3-Carboxyphenylarsonic acid anhydride, 369 
4-Carboxyphenylarsonic acid anhydride, 369 
N(2-Carboxyphenyl-4-arsonic acid) glyeyl-3’-aminophenol, 270 
4-Carboxyphenyldichloroarsine, 124 
4-Carboxyphenyldiethylarsine, 224 
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4-Carboxyphenyldiethylarsine dibromide, 411 
4-Carboxyphenyldiethylarsine dichloride, 411 
4-Carboxyphenyldiethylarsine duodide, 411 
4-Carboxyphenyldiethylarsine hydroxybromide, 411 
4-Carboxyphenyldiethylarsine hydroxychloride, 411 
4-Carboxyphenyldiethylarsine hydroxyiodide, 411 
4-Carboxyphenyldiethylarsine sulfide, 426 
4-Carboxyphenyldihydroxyarsine, 138 
4-Carboxyphenyldiiodoarsine, 124 
4-Carboxyphenyldiphenylarsine oxide, 420 
4-Carboxyphenylmethyldiethylarsonium iodide, 432 
4-Carboxyphenyltriethylarsonium chloride, 433 
4-Carboxyphenyltriethylarsonium picrate, 433 
4-Carboxyphenyltrimethylarsonium acid sulfate, 431 
4-Carboxyphenyltrimethylarsonium bromide, 431 
4-Carboxyphenyltrimethylarsonium chloride, 431 
4-Carboxyphenyltrimethylarsonium nitrate, 431 
4-Carboxytriphenylarsine dichloride, ethyl ester, 411 
4-Carboxytriphenylarsine sulfide, 42 
Catechylphenylarsenite, 129 
3-Chloro-4-acetylaminophenylarsonic¢ acid, 327 
4-Chloroacetylaminophenylarsonic acid, 291 
2-Chloro-4-allylthiocarbamido phenylarsonie acid, 327 
5-Chloro-2-aminophenylarsonic acid, 325 
6-Chloro-3-aminophenylarsonic acid, 325 
3-Chloro-4-aminophenylarsonie acid, 325 
Chloroarsinosobehenolic anhydride, 101 
Chloroarsinosobehenohe acid, 100 
Chloroarsinosobehenolanilde, 100 
Chloroarsinosoheptine, 99 

Chloroarsinostearolic acid, 99 

Chlorobehenolarsonic acid, methy! ester, 101 
4’-Chlorobenzylidene-4-amino-3-methylphenylarsonic acid, 261 
7-Chloro-7,12-dihydro-y-benzophenarsazine, 454 
2-Chloro-4-dimethylaminophenylarsineoxide, 135 
2-Chloro-4-dimethylaminophenylarsonie acid, 327 
2-Chloro-4-dimethylaminophenyldichloroarsine hydrochloride, 122 
?-Cholor-2,4-dimethylphenylarsonic acid, 248 
2-Chloro-3,5-dinitro-4-methylamimophenylarsonie acid, 333 
2-Chloro-3,5-dinitro-4-methylnitraminophenylarsonic acid, 334 
4-Chloro-3,5-dinitrophenylarsonie acid, 255 
Chloroheptinearsonie acid, 101 
3-Chloro-4-hydroxyphenylarsonic acid, 346 
2-Chloro-4-methylaminophenylarsonie acid, 327 
5-Chloro-2-methylindole-3-arsonic acid, 470 
2-Chloro-4-methylaminophenylarsineoxide, 135 
4-Chloro-2-methylphenylarsonic acid, 248 
4-Chloro-3-methylphenylarsonie acid, 248 
2-Chloro-5-nitro-4-methylaminophenylarsonie acid, 333 
5-Chloro-3-nitro-4-hydroxyphenylarsonie acid, 354 
4-Chloro-5-nitro-2-methylphenylarsonie acid, 255 
4-Chloro-5-nitro-3-methylphenylarsonie acid, 255 
4-Chloro-3-nitrophenylarsonie acid, 254 
6-Chloro-3-nitrophenylarsonie acid, 254 
2-Chlorophenylarsine, 105 

4-Chlorophenylarsine, 105 
4-Chlorophenylarsineoxide, 130 
2-Chlorophenylarsonie acid, 247 
4-Chlorophenylarsonic acid, 247 
6-Chlorovinylarsinesulfide, 46 

B-Chlorovinylarsonic acid, 75 
f-Chlorovinyldichloroarsine, 48 
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o-Cresol-p-arsonic acid, 339 
m-Cresol-p-arsonic acid, 339 
p-Cumyl, Cf. Isopropylphenyl- 


D 


3,5-Di(acetylamino)-4-hydroxyphenylarsonic acid, 360 

Di(4-acetylamino-3-methylphenyl) arsinic acid, 395 

2,3-Di(acetylamino) phenazine-7-arsoni¢c acid, 477 

Di (3-acetylaminopheny])arsinesulfide, 217 

Di(4-acetylaminophenyl)arsinic acid, 395 

3,4- Di(acetylamino) phenylarsonic acid, 324 

4.4’ -Diacetyldiamino-3,3’ -dicarboxyarsenobenzene, 172 

3,3’-Diacetyldiamino-4, ‘4 '-dihydroxyarsenobenzene, 165, 510 

5 5 ’-Diacetyldiamino-2,4,2’ 4’ “tetrahydroxyarsenobenzene, 166 

Di(4- alkylaminophenyl)arsinic acids, 396 

2,2’-Diaminoarsenobenzene, 153 

4 ‘4 ’-Diaminoarsenobenzene, 153 

4, 4'-Diamino-c- -arsenonaphthalene, 154 

5,5’-Diamino-1,1’-arseno-2,2’-stilbene, 154 

3,7-Diamino-4,8-dihydroxyanthraquinone-1 5-diarsonic acid, 359 

4,4’-Diamino-2,2’-dihydroxyarsenobenzene, 202 

5,5'-Diamino-2,2’-dihydroxyarsenobenzene, 202 

2,2’-Diamino-3,3’-dihydroxyarsenobenzene, 202 

4,4’-Diamino-3,3’-dihydroxyarsenobenzene, 202 

3,3’-Diamino-4,4’-dihydroxyarsenobenzene, 185 

3,3’-Diamino-4,4’-dihydroxyarsenobenzene dihydrochloride, 185 

2,2’-Diamino-5,5’-dihydroxyarsenobenzene, 203 

3 ia’ erie 44’ -dihydroxyarsenobenzene-N,N’-dimethylenesulfinic acid, disodium 
salt, 197 

3,3’-Diamino-4,4’-dihydroxyarsenobenzene-N,N’-dimethylenesulfonic acid, disodium 
salt, 198 

3,3’-Diamino-4,4’-dihydroxyarsenobenzene-N-methylenesulfinic acid, sodium salt, 194 

3,3’-Diamino-4,4’-dihydroxyarsenobenzene-N-methylenesulfonic acid, 197 

3,3’-Diamino-4,4’-dihydroxyarsenobenzene-silver bromide-antimonyl sulfate, 191 

3,3’-Diamino-4,4’-dihydroxy-o-arsenonaphthalene dihydrochloride, 203 

5,5’-Diamino-4,4’-dihydroxy-1,1’-arseno-2,2’-stilbene, 203 

5,5’-Diamino-4,4’-dihydroxy-2,2’-dicarboxyarsenobenzene, 173 

5,5’-Diamino-4 4’ -dihydroxy-3,3’-dicarboxyarsenobenzene, 173 

oO 2 ‘-Diamino-4, ‘4 ’-dihydroxy-6, 6" -dimethoxyarsenobenzene, 168 

3,3’-Diamino-4,4’-dihydroxy-5,5’-dimethylarsenobenzene, 203 

ah ’3’-Diamino-4 ‘4! -dihydroxy-6,6’-dimethylarsenobenzene, 203 

3,5-Diamino- 2.4- dihy droxyphenylarsonic acid, 359 

oy -Diamino-4,4’-dimethoxyarsenobenzene, 167 

3,3’-Diamino-4,4’ -dimethoxy-5,5’- dimethylarsenobe nzene, 168 

3, '4’-Diamino-4- ‘hydroxyarsenobenzene dihydrochloride, 174 

Di(3-amino-4-hydroxypheny])arsinic acid, 398 

3,5-Diamino-4-hydroxyphenylarsonic acid, 359 

Di(3-amino- 4-hydroxyphenyl)chloroarsine hydrochloride, 211 

Di(3-amino-4-hydroxyphenyl)dimethyldiarsine, 219 

2,4-Diamino-3-methoxyphenylarsonic acid, 363 

4 '6- Diamino-3-methoxyphenylarsonic acid, 363 

Di(4-amino-3- methylpheny])arsinic acid, 394 

5,6-Diamino-3-methylphenylarsonic acid, 323 

p,p’-Diaminophenarsazinic acid, 482 

2,3-Diaminophenazine-7-arsonic acid, 476 

Di (3-aminophenyl)arsineoxide, 215 

Di(3-aminopheny] )arsinesulfide, 217 

Di(3-aminopheny] )arsinic acid, 393 

Di(4-aminopheny])arsinic acid, 394 

2,3-Diaminophenylarsonic acid, 322 

2,5-Diaminophenylarsonic acid, 323 
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3,4-Diaminophenylarsonic acid, 322 

2 '5-Diaminophenylarsonic acid oxanilide, 324 

Di(3- aminophenyl)chloroarsine hydrochloride, 211 

Symm. Di(4- aminophenyl )dihydroxydiarsine, 220 
5,5’-Diamino-2,2’-stilbenediarsonic acid, 260 

5,5’-Diamino-2 ‘4 oi 4 ’_tetrahydroxyarsenobenzene, 164 

3; ey -Diamino-4,6,4’ ‘6'- tetramethoxyarsenobenzene, 168 
3-3’-Diamino-4, 4’-tetramethy Idiaminoarsenobenzene, 160 
Dianiline arsenate, 490 

Di-p-anisylarsineoxide, 215 

Di-p-anisylchloroarsine, 211 

“Diarsenol,” 180, 186 

0,0’-Diarsono-oxanilide, 266 

Diazoamino compounds, 279-282 

Diazo-2-bromopheny]-(4-arsonic acid)-p-aminophenoxyacetic acid, 263 
Diazo-2-bromophenyl-(4-arsonic acid)-p-aminophenoxyacetic methyl ester, 263 
Diazoimidophenylarsonic acid, 323 
Diazo-2-methylphenyl-(4-arsonic acid)-p-aminophenoxyacetic acid, 263 
Diazo-2-methylphenyl-(4-arsonic acid)-p-aminophenoxyacetic methyl ester, 263 
2-Diazophenylarsonic acid, 262 

4-Diazophenylarsonic acid, 278 

Di-p-benzarsenious acid, 215 

Di-p-benzarsenious iodide, 211 

Di-p-benzarsinic acid, 398 

Dibenzylarsenious acid, 215 

Dibenzylarsinetrichloride, 384 

Dibenzylarsinie acid, 390 

Dibenzylhydroxyarsine, 215 

Dibenzylphenylarsenite, 129 

Dibenzylthioarsinic acid, 391 

3,5-Dibromo-4-aminophenylarsoniec acid, 326 
3,5-Dibromo-4-hydroxyphenylarsonie acid, 346 
2,2’-Dibromo-3,5,3’,5’-tetraamino-4,4’-bismethylaminoarsenobenzene, 161 
2,2’-Dibromo-4,4’-tetramethyldiaminoarsenobenzene, 160 
Di-n-butylarsinic acid, 82 

Dicamphorylarsineoxychloride, 385 

Dicamphorylarsinic acid, 391 
3,3'-Dicarbamido-4,4’-dihydroxyarsenobenzene, 166, 510 
3,3’-Dicarbethoxydiamino-2,4’-dihydroxyarsenobenzene, 166 
4,4’-Dicarbethoxydiamino-2,2'-dihydroxyarsenobenzene, 166 
2,2'-Dicarboxyarsenobenzene, 170 

4,4’-Dicarboxyarsenobenzene, 170 

Di(4-carboxypheny])arsinie acid, 398 

2,4-Dicarboxyphenylarsonie acid, 371 
Di(4-carboxyphenyl)hydroxyarsine, 215 
Di(4-carboxyphenyl)iodoarsine, 211 

4,4'-Dicarboxytriphenylarsine dichloride, diethyl ester, 412 
4,4’-Dicarboxytriphenylarsine oxide, 421 

2-6-Dichloro-4- acetylaminophenylarsonic acid, 327 
3’,5’-Dichloro-3-amino-4,4’-dihy droxyarsenobenzene, 175 
2,6-Dichloro-4-aminophenylarsonic acid, 326 
3,5-Dichloro-4-aminophenyl: cian acid, 326 
4-Dichloroarsinobenzoylchloride, 125 

4-Dichloroarsinobenzoy Idimethylaminodimethylethylearbinol hydrochloride, 125 
4-Dichloroarsinophenylglycine hydrochloride, 121 
4-Dichloroarsinostovaine, 125 

5,5'-Dichloro-3,3’-diamino-4’ 4’-dihydroxyarsenobenzene, 161 
5,6’-Dichloro-4,4’-diamino-3.3’-dihydroxy arsenobenzene, 169 

2.6- Dichloro-4- dimethylaminophe nylarsonic Bek 328 
?-Dichloro-2,4-dimethylphenylarsonie acid, 

2,6-Dichlor 9-3,5- dinitro-4- map ee cts eee larsonic acid, 336 
4,4'-Dichloro-5 -5,5'-dinitro-2,2’-stilbenediarsonic acid, 255 
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3,5-Dichloro-4-hydroxyphenylarsineoxide, 136 
3,5-Dichloro-4-hydroxyphenylarsonic acid, 346, 513 . 
3,5-Dichloro-4-iodophenylarsonic acid, 249 
3-5-Di(chloromercuri)-4-hydroxyphenylarsonic acid, 378 
2,4-Dichloro-5-nitrophenylarsonic acid, 255 
2,4-Dichiorophenylarsonic acid, 249 

3,5-Dichlorophenylarsonic acid, 249 
2,2’-Dichloro-3,5,3’,5’-tetraamino-4,4’-bismethylaminoarsenobenzene, 161 
3,5-Dichloro-4-triazophenylarsonic acid, 326 
Di(6-chlorovinyl)arsinie acid, 82 

Di(6-chlorovinyl!) chloroarsine, 58 

Di-p-cresylphenylarsenite, 129 

4,.4’-Diethoxyarsenobenzene, 162 

Diethoxychloroarsine, 58 

4-Diethylaminophenylarsineoxide, 134 
4-Diethylaminophenylarsinesulfide, 145 
4-Diethylaminophenyldichloroarsine hydrochloride, 122 
Diethylarsine, 51 

Diethylarsinetrichloride, 77 

Diethylarsinic acid, 81 

Diethylarsinobenzoie acid, 224 

Diethyleyanoarsine, 59 

Diethyleyclopentamethylenearsonium iodide, 486 
Diethyliodoarsine, 57 

Diethylphenoxarsonium iodide, 487 

Diethylphenylarsenite, 128 

7,12-Dihydro-y-benzophenarsazine bromide, 456 
7,12-Dihydro-y-benzophenarsazine chloride, 454 
7,12-Dihydro-y-benzophenarsazine iodide, 457 
7,12-Dihydro-y-benzophenarsazine oxide, 460 
7,12-Dihydro-y-benzophenarsazine sulfide, 462 
3,4-Dihydrobenzoxazolone-l-arsonic acid, 469 

4 4’-Dihydroxy-3-aminoarsenobenzene-3/-aminoacetic acid, 199 
4,4'-Dihydroxy-3-aminoarsenobenzene-a-propionic acid, 200 
4,8-Dihydroxyanthraquinone-1,5-diarsonic acid, 341 
4,4’-Dihydroxyarsenobenzene, 161, 504 

4 4’-Dihydroxyarsenobenzene-3,3’-diaminoacetic acid, 200 
4,4’-Dihydroxyarsenobenzene-3,3’-diamino-n-butyric acid, 200 
4,4’-Dihydroxyarsenobenzene-3,3'-diamino-n-heptylic acid, 201 
4 4’-Dibydroxyarsenobenzene-3,3’-diaminoisobutyric acid, 201 
4 4’-Dihydroxyarsenobenzene-3,3’-diaminoisovaleric acid, 201 
4,4’-Dihydroxyarsenobenzene-3,3’-diaminopropionic acid, 200 
4,4’-Dihydroxyarsenobenzene-3,3’-diaminostearic acid, 201 

4 4’-Dihydroxyarsenobenzene-3,3’-diamino-n-valeric acid, 201 
4,4’-Dihydroxyarsenostibinobenzene, 178 
5,5’-Dihydroxy-1,1'-arseno-2,2’-stilbene, 161 
4-Dihydroxyarsinobenzophenone, 141 
4-Dihydroxyarisno-4’-methylbenzophenone, 142 
2.4-Dihydroxybenzylidene-p-arsanilic acid, 290 
4.4’-Dihydroxy-3,3’-bis(2’"-hydroxynaphthaleneazo)arsenobenzene, 164 
4.4'-Dihydroxy-3,3'-bis(2”",4”, 6”-trihydroxy-1l-azo)arsenobenzene, 164 
4,4'-Dihydroxy-2,2’-dicarboxyarsenobenzene, 173 
3,3’-Dihydroxy-4,4’-dimethoxyarsenobenzene, 162 

4 4’-Dihydroxy-2,2’-dimethoxyarsenobenzene, 162 

4 4’-Dihydroxy-3,3’-dimethoxyarsenobenzene, 162 

4 4'-Dihydroxy-3,3’-dimethylarsenobenzene, 161 _ 
3,5-Di(hydroxymercuri)-4-aminophenylarsonic acid, 377 ; : 
3,5-Di(hydroxymercuri)-4-hydroxy-1’-methylazobenzene-4’-arsonic acid, 380 
3,5-Di(hydroxymercuri)-4-hydroxyphenylarsonic acid, 378 
Di(4-hydroxy-3-methylphenyl)arsinic acid, 397 
Dihydroxyphenarsazine chloride, 454 

2,2’ or 2,4’-Di(hydroxypheny])arsinic acid, 397 
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Di(4-hydroxypheny])arsinic acid, 397 

2,4-Dihydroxyphenylarsonic acid, 340 

3,4-Dihydroxyphenylarsonic acid, 340 

55! -Dihydroxy- 2.2/-stilbenediarsonic acid, 341 

3,5-Diiodo-4- aminophenylarsonic acid, 327 

4 ‘Al. Diiodoarsenobenzene, 152 

5 BI -Diiodo-8,3'-diamino- 44'- dihydroxyarsenobenzene, 169 

ah '5-Diiodo-4- hydroxyphenylarsonic acid, 346 

Diiodomethylarsonic acid, 73 

Diisoamylarsine, 52 

Diisoamylarsinechlorodibromide, 77 

Diisoamylarsineoxide, 61 

Diisoamylarsinesulfide, 62 

Diisoamylarsinic acid, 82 

Diisoamylchloroarsine, basic, 57 

Diisobutyleyanoarsine, 59 

4,4’-Dimethoxyarsenobenzene, 162 

Di(3-methoxy-4- hydroxyphenyl)arsinic acid, 398 
Di(4-methoxypheny])arsineoxide, 215 

2,4-Dimethoxyphenylarsonie acid, 345 

3,4-Dimethoxyphenylarsonic acid, 345 

Di(4- methoxypheny]) chloroarsine, 211 
Di(4-methoxypheny])iodoarsine, 211 

3,3’-Di( N-methylacetylamino)4,4’-dihydroxyarsenobenzene, 167 
Dimethylallylarsine, 68 

Dimethylallylarsine dibromide, 85 
4-Dimethylaminoazobenzene-4’-arsonic acid, 284 
4-Dimethylaminobenzene-2’-azotoluene-5’-arsonic acid, 264 
4-Dimethylaminobenzylidene-p-arsanilic acid, 289 
3,3’-N-Di(methylamino-4,4’-dihydroxyarsenobenzene, 166 
4-Dimethylamino-2,5-dimethylphenylarsineoxide, 134 
4-Dimethylamino-2,5-dimethylphenylarsinesulfide, 145 
4-Dimethylamino-2,5-dimethylphenylarsonic acid, 271 
4-Dimethylamino-2,5-dimethylphenyldibromoarsine hydrobromide, 122 
4-Dimethylamino-2,5-dimethylphenylchloroarsine hydrochloride, 122 
4-Dimethylamino-2-hydroxyphenylarsonic acid, 361 
3-Dimethylamino-4-hydroxyphenylarsonic acid, 362 
4-Dimethylamino-3-methoxyphenylarsonic acid, 365 
4-Dimethylamino-3-methoxyphenylarsineoxide, 137 
4-Dimethylamino-3-methoxyphenylarsinesulfide, 146 
4-Dimethylamino-3-methoxyphenyldibromoarsine hydrobromide, 124 
4-Dimethylamino-3-methoxyphenyldichloroarsine hydrochloride, 124 
4-Dimethylamino-3-methoxyphenyldiiodoarsine hydriodide, 124 
4-Dimethylamino-2-methylphenylarsineoxide, 134 
4-Dimethylamino-3-methylphenylarsineoxide, 134 
4-Dimethylamino-2-methylphenylarsinesulfide, 145 
4-Dimethylamino-3-methylphenylarsinesulfide, 145 
4-Dimethylamino-2-methylphenylarsonie acid, 271 
4-Dimethylamino-3-methylphenylarsonie acid, 271 
4-Dimethylamino-3-methylphenyldibromoarsine hydrobromide, 122 
4-Dimethylamino-2-methylphenyldichloroarsine hydrochloride, 122 
4-Dimethylamino-3-methylphenyldichloroarsine hydrochloride, 122 
4-Dimethylamino-3-methylphenyldiiodoarsine hydriodide, 122 
2-Dimethylamino-o-naphthylarsineoxide, Ae 

4- Dimethylamino- a-naphthylarsineoxide, 135 
4-Dimethylamino-a-naphthylarsinesulfide, 145 
2-Dimethylaminonaphthylarsonic acid, 272 
4-Dimethylaminonaphthylarsonic acid, 272 
2-Dimethylamino-o-naphthyldibromoarsine hydrobromide, 122 
4-Dimethylamino-a-naphthyldibromoarsine hydrobromide, 122 
2-Dimethylamino-o-naphthyldichloroarsine hydrochloride, 122 
4-Dimethylamino-e-naphthyldichloroarsine hydrochloride, 122 
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2 or 3-Dimethylaminophenazine-7-arsonic acid, 477 
2 or 3-Dimethylaminophenazine-8-arsonic acid, 477 
4-Dimethylaminophenylarsineoxide, 134 
4-Dimethylaminophenylarsinesulfide, 145 
4-Dimethylaminophenylarsonic acid, 321 
4- Dimethylaminophenyldibromoarsine hydrobromide, 121 
4-Dimethylaminophenyldichloroarsine hydrochloride, 121 
4-Dimethylaminophenyldiiodoarsine hydriodide, 122 
2,2’-Dimethylarsenobenzene, 151 
33! -Dimethylarsenobenzene, 151 
4.4'-Dimethylarsenobenzene, 151 
2,2’-Dimethy1-5,5’-arseno-1,3,1',3’-benzodiazole, 463 
7,7'-Dimethy1-5,5’-arseno-1,3,1’,3’-benzodiazole, 463 
Dimethylarsepidine acid carbonate, 486 
Dimethylarsepidine bromide, 485 
Dimethylarsepidine chloride, 485 
Dimethylarsepidine hydroxide, 486 
Dimethylarsepidine iodide, 486 
Dimethylarsepidine nitrate, 486 
Dimethylarsepidine picrate, 486 
Dimethylarsepidine sulfate, 486 
Dimethylarsine, 48 
Dimethylarsinedisulfide, 62 
Dimethylarsineoxide, 60 
Dimethylarsineselenide, 62 
Dimethylarsinesulfide, 61 
Dimethylarsinetrichloride, 77 
Dimethylarsinic acid, 78 
Dimethylarsinoformic acid, 59 
2,7-Dimethy]-1,3-benzodiazole-5-arsonic acid, 471 
Dimethylbromoarsine, 55 
Dimethylchloroarsine, 54 
Dimethyleyanoarsine, 58 
Dimethyleyclopentamethylenearsonium chloride, 485 
Dimethyldiallylarsonium iodide, 96 
Dimethyldicetylarsonium iodide, 96 
Dimethyldiethylarsonium bromide, 95 
Dimethyldiethylarsonium chloride, 95 
Dimethyldiethylarsonium hydroxide, 95 
Dimethyldiethylarsonium iodide, 95 
Dimethyldiethylarsonium nitrate, 95 
Dimethyldiethylarsonium sulfate, 95 
Dimethyldiethylarsonium triiodide, 95 
Dimethyldiisoamylarsonium bromide, 96 
Dimethyldiisoamylarsonium iodide, 96 
Dimethyldiisoamyldiarsine, 64 
Dimethyldiisobutylarsonium iodide, 
Dimethyldiisopropylarsonium iodide, a 
Dimethyldi-n-propylarsonium iodide, 95 
Dimethylethylarsine, 67 
Dimethylfluoroarsine, 56 
Dimethyliodoarsine, 56 
Dimethylphenarsazine chloride, 454 
4,9-Dimethylphenazine-2,7- bisarsonic acid, 475 
Dimethylphenylarsenite, 128 

2,5- Dimethy|phenylarsinedisulfide, 382 
2 ‘Ae Dimethylphenylarsineoxide, 130 
2 5- Dimethylphenylarsineoxide, 130 
2.4-Dimethylphenylarsineoxychloride, 237 
2,.5-Dimethylphenylarsineoxychloride, 237 
2.4-Dimethylphenylarsinesulfide, 143 
2,5-Dimethylphenylarsinesulfide, 143 
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2,.4-Dimethylphenylarsinetetrachloride, 236 
Di(4-methylpheny])arsinetrichloride, 384 
Di(4-methylpheny])arsinic acid, 390 
2,4-Dimethylphenylarsonic acid, 243 
2,5-Dimethylphenylarsoniec acid, 244 
N-(2,5-Dimethylphenyl]-4-arsonie acid) glycineamide, 267 
2,5-Dimethylphenyldibromoarsine, 118 
2,4-Dimethylphenyldichloroarsine, 118 
2,.5-Dimethylphenyldichloroarsine, 118 
2,5-Dimethylphenyldiodoarsine, 118 
Di(2-methylpheny])dimethylarsonium iodide, 439 
Di(2-methylphenyl) methylarsine, 225 

. Dimethyl-y-phenylpropylarsine, 67 
Dimethyl-n-propylarsine hydriodide, 67 
Dimethyl-n-propylisoamylarsonium iodide, 96 
Dimethylthiocyanoarsine, 59 
Di-o-naphthylehloroarsine, 210 
Di-B-naphthylphenylarsenite, 129 
Di(3-nitro-4-aminophenyl )arsinie acid, 396 
3,5-Dinitro-4-amimophenylarsonie acid, 331 
3,3’-Dinitro-3’’-aminotriphenylarsine, 231 
3,3'-Dinitroarsenobenzene, 152 
3,5-Dinitro-4-benezenesulfamidophenylarsonic acid, 333 
3,5-Dinitro-4-diethylaminophenylarsonic acid, 336 
3,7-Dinitro-4,8-dihydroxyanthraquinone-1,5-diarsonic acid, 851 
3,3/-Dinitro-4,4’-dihydroxyarsenobenzene, 163 
5,5'-Dinitro-4,4’-dihydroxy-2.2’-dicarboxyarsenobenzene, 173 
5,5’-Dinitro-3,3’-dihydroxy-4,4’-dimethoxyarsenobenzene, 163 
5,5’-Dinitro-4,4’-dihydroxy-3,3’-dimethoxyarsenobenzene, 164 
3,5-Dinitro-2,4-dihydroxyphenylarsonie acid, 351 
5,5’-Dinitro-4,4'-dihydroxy-2,2’-stilbenediarsonie acid, 352 
3,5-Dinitro-4-dimethylaminophenylarsoniec acid, 336 
3,3’-Dinitro-4,4’-dimethylarsenobenzene, 152 
3,5-Dinitro-4-hydroxy-2-methylphenylarsonic acid, 350 
Di(3-nitro-4-hydroxyphenyl)arsinie acid, 397 
3,5-Dinitro-2-hydroxyphenylarsonie acid, 350 
3,5-Dinitro-4-hydroxyphenylarsonie acid, 350 


3,5-Dinitro-2-methylamino-4-methylnitraminophenylarsonie acid, 3: 


3,5-Dinitro-4-methylaminophenylarsonie acid, 333 
3,5-Dinitro-4-methylnitraminophenylarsonic acid, 334 
#% p,p’-Dinitrophenarsazine chloride, 458 
p.p’-Dinitrophenarsazinic acid, 480 
Di(3-nitrophenyl)arsenious acid, 215 
Di(4-nitrophenyl)arsenious acid, 215 
2,4-Dinitrophenylarsineoxide, 131 
Di(3-nitropheny!)arsinesulfide, 216 
Di(8-nitrophenyl)arsinetribromide, 384 
Di(3-nitropheny!)arsinetrichloride, 384 
Di(3-nitrophenyl)arsinie acid, 392 
Di(4-nitropheny])arsinie acid, 393 
2,4-Dinitrophenylarsonie acid, 255 
Di(3-nitropheny!l)bromoarsine, 211 
Di(nitropheny!)chloroarsine, 210 
2,4-Dinitrophenyldichloroarsine, 120 
2,6-Dinitrophenylelycine-4-arsonie acid, 332 
Di(3-nitropheny!l) hydroxyarsine, 215 
Di(4-nitrophenyl) hydroxyarsine, 215 
3,5-Dinitro-4-piperidophenylarsonie acid, 336 
3,4-Dinitrosophenylarsonic acid, 256 
5,5’-Dinitro-2,2’-stilbenediarsonie acid, 253 
?-Dinitro,2,5,2’,5’-tetramethylarsenobenzene, 153 
Di(5-nitro-2-thienyl)arsinie acid, 480 
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Di(4-oxalylaminophenyl)arsinic acid, 396 
4.4’-Dioxalyldiamimoarsenobenzene, 156 
Diphenylarsenious acid, ethyl ester, 214 
Diphenylarsenious acid, phenyl ester, 214 
4,4’-Diphenylarsenobenzene, 152 
Diphenylarsine, 204 
Diphenylarsinechlorobromide, 384 
Diphenylarsinehydroxybromide, phenyl ester, 385 
Diphenylarsinehydroxychloride, phenyl ester, 385 
Diphenylarsineoxide, 214 
Diphenyl-4-arsineoxide, 130 
Diphenylarsineoxychloride, 385 
Diphenylarsinesulfide, 216 
Diphenylarsinetribromide, 384 
Diphenylarsinetrichloride, 384 
Diphenylarsinic acid, 388 

Diphenylarsinic acid-2-arsonic acid, 392 
Diphenylarsinoformamide, 213 
Diphenylarsinoformic acid, 213 
Diphenyl-p-benzarsonic acid, 420 
Diphenylbenzylmethylarsonium iodide, 446 
Diphenylbromoarsine, 209 
Diphenylchloroarsine, 207 
Dipheny]chloroarsine-2-dichloroarsine, 456 
Diphenyleyanoarsine, 212 
Diphenyleyanoarsinedichloride, 385 
Diphenyl-4-dichloroarsine, 119 
Diphenyldiethylarsonium chloride, 436 
Diphenyldiethylarsonium iodide, 437 

Symm. Diphenyldiuododiarsine, 220 

Symm. Diphenyldimethyldiarsine, 217 
Diphenyldimethylarsonium chloride, 435 
Diphenyldimethylarsonium enneaiodide, 435 
Diphenyldimethylarsonium hydroxide, 435 
Diphenyldimethylarsonium iodide, 435 
Diphenyldimethylarsonium truodide, 435 
Diphenylenediarsine, 468 
Diphenylenediarsinedichloride, 455 
Diphenylenediarsineoxide, 460 
Diphenylene-o-diarsinic acid, 479 
Diphenylenequinoxalinearsonic acid, 473 
Diphenylethoxyarsine, 214 
Diphenylethylarsine, 225 
Diphenylethylarsine cyanobromide, 413 
Diphenylethylarsine dichloride, 406 
Diphenylethylarsine hydroxybromide, 406 
Diphenyliodoarsine, 209 
Diphenylmethylarsine, 225 
Diphenylmethylarsine cyanobromide, 413 
Diphenylmethylarsine hydroxybromide, 405 
Diphenylmethlarsine hydroxypicrate, 406 
Diphenylmethylethylarsonium chloride, 436 
Diphenylmethylethylarsonium hydroxide, 436 
Diphenylmethylethylarsonium iodide, 436 
Diphenylmethylethylarsonium picrate, 436 
Diphenyl-4-methylphenylarsine, 228 
Diphenyl-4-methylphenylarsine dibromide, 407 
Diphenyl-4-methylphenylarsine dihydroxide, 415 
Diphenyl-4-methylphenylarsine hydroxynitrate, 415 
Diphenyl-4-methylphenylarsine sulfide, 424 
Diphenyl-4-methylphenylethylarsonium iodide, 444 


Diphenyl-4-methylphenylmethylarsonium chloride, 444 
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Diphenyl-4-methylphenylmethylarsonium iodide, 444 
Diphenylphenoxyarsine, 214 

Diphenylphenylarsenite, 128 
Diphenylthiocyanoarsine, 213 

Symm. Diphenylurea-4,4’-diarsonic acid, 292 
Di-n-propylarsine, 52 

Di-n-propylarsinic acid, 82 
Di-n-propyldiisoamylarsonium iodide, 96 
Disazobenzene-4,4’-diarsonic acid, 288 
Disazobenzene-4,2’,4’’-triarsonic acid, 288 
5,5’-Disulfo-3,3’-diamino-4,4’-dihydroxyarsenobenzene, 170 
Di(tertiary-butyl)arsenobenzene, 152 
2,2'-Dithienylarsinie acid, 477 

Dithienylchloroarsine, 453 

Di-p-tolylarsineoxide, 215 

Di-p-tolylchloroarsine, 210 

Symm. Di-m-xylyldiiododiarsine, 220 

Symm. Di-p-xylyldiiododiarsine, 220 


Ehrlich’s “606,” 180, 186 

Ehrlich’s “914,” 195 

“Hilarson,” 100, 513 

Enesol, 72 

Erytrarsine, 46 
4’-Ethoxybenzophenone-4-arsonie acid, 376 
Ethoxydichloroarsine, 43 
7-Ethoxy-7,12-dihydro-y-benzophenarsazine, 461 
4-Ethoxyphenylarsineoxide, 136 
4-Fthoxyphenylarsonie acid, 344 
2-Ethoxy-4-[phenyl(4’-arsonic acid)azo]-phenylglycine, 284 
4-Ethoxyphenyldichloroarsine, 123 
4-F.thylamino-5-carboxyphenylazobenzene-4’-arsonic acid, 287 
4-Ethylaminophenylarsonie acid, 317 

Ethyl arsenate, 489 

Ethyl arsenite, 489 

Ethylarsepidine, 466 

Ethylarsepidine cyanobromide, 483 
Ethylarsepidine hydroxybromide, 483 
Ethylarsine, 39 

Ethylarsinedisulfide, 76 

Ethylarsineoxide, 45 

Ethylarsinesulfide, 45 

Ethylarsonie acid, 74 

Ethyleacodyl, 64 
Ethyleyclopentamethylenearsine, 466 
Ethyldibromoarsine, 48 

Ethyldichloroarsine, 42 

Ethyldiiodoarsine, 43 

Ethyldiisobutylarsine, 68 

Ethyldusobutylarsine cyanobromide, 86 
Ethyldisobutylarsine hydroxybromide, 85 
Ethyldi-n-propylarsine, 68 
Ethyldi-n-propylarsine cyanobromide, 86 
Ethyldi-n-propylarsine hydroxybromide, 85 
Ethylene diphenyldiarsinie acid, 400 
Ethylenehexaethyldiarsonium bromide, 97 
Ethylenehexaethyldiarsonium chloride, 97 
Nthylenehexaethyldiarsonium hydroxide, 97 
Ethylenehexaethylphospharsonium bromide, 97 
Ethylenehexaethylphospharsonium hydroxide, 97 
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Ethylenetriethylarsammonium bromide, 97 
As-Ethylphenoxarsine, 468 
Ethyltrusoamylarsonium iodide, 96 
Ethyltriisopropylarsonium iodide, 96 
Ethyltri-n-propylarsonium iodide, 96 


4-Formylaminophenylarsonic acid, 290 


G 
“Galyl,” 198 
Glyceryl arsenite, 489 
4-Glycylaminophenylarsinoacetanilide, 402 
Glycyl-p-arsanilie acid, 293 


H 


“Hectargyre,” 291 

“Hectine,” 291 

3,4,5,3' 4’ 5'—Hexaaminoarsenobenzene, 155 
3,3’-Hexamethyldiammonium-4,4’-dihydroxyarsenobenzene, 167 
Hexamethylenetetraamino arsenate, 490 

Hippuroarsonic acid, 374 

Hydrazobenzene-2,2’-diarsonic acid, 257 
2’-Hydroxy-5’-acetylaminophenacyl-p-arsanilic acid, 317 
4-Hydroxyanthraquinone-l-arsonic acid, 340 
4-Hydroxyazobenzene-4’-arsonic acid, 284 
4-Hydroxybenzene-2’-azotoluene-5’-arsonic acid, 264 
4-Hydroxybenzylidene-p-arsanilic acid, 290 
4-Hydroxy-2-carboxyphenylarsonic acid, 373 
4-Hydroxy-3-carboxyphenylarsonic acid, 374 
2-Hydroxy-3,6-disulfonaphthaleneazobenzene-4’-arsonic acid, 286 
5-Hydroxymercuri-4-amino-3-methylphenylarsonic acid, 377 
3-Hydroxymercuri-4-aminophenylarsonic acid, 377 
5-Hydroxymercuri-4-hy droxy-3-methylphenylarsonic acid, 379 
4-Hydroxy-2-methylphenylarsoniec acid, 339 
4-Hydroxy-3-methylphenylarsonic acid, 339 
2-Hydroxynaphthaleneazobenzene-2’-arsonic acid, 263 
2-Hydroxynaphthaleneazobenzene-3’-arsonic acid, 263 
2-Hydroxynaphthaleneazobenzene-6’-hydroxy-3’-arsonic acid, 265 
2-Hydroxynaphthaleneazobenzene-2'-hydroxy-4’-arsonic acid, 265 
4-Hydroxy-o-naphthylarsonie acid, 339 
9-Hydroxynaphthaleneazobenzene-4’-arsonic acid, 285 
4-Hydroxyphenylarsenostibinobenzene; 178 
4-Hydroxyphenylarsine, 106 

4-Hydroxyphenylarsineoxide, 136 

2-Hydroxyphenylarsineoxide anhydride, 135 
2-Hydroxyphenylarsonic acid, 337 

3-Hydroxyphenylarsonic acid, 338 

4-Hydroxyphenylarsonic acid, 338 
2-Hydroxy-5-[phenyl-(4’-arsonic acid)azo|-phenoxyacetic acid, 286 
N-(2-Hydroxyphenyl-5-arsonic acid)glycineureide, 271 
2-Hydroxyphenyldichloroarsine, 123 _ 
m-Hydroxyphenylglycyl-p-arsanilic acid, 295 
p-Hydroxyphenylglycyl-p-arsanilic acid, 295 


; I 


Iminobisacetyl-p-arsanilic acid, 293 
4-Iodoacetylaminophenylarsonic acid, 292 
3-Iodo-4-aminophenylarsonic acid, 326 
4-Todochloride phenylarscnic acid, 248 
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7-Iodo-7,12-dihydro-y-benzophenarsazine, 457 
5-Iodo-3-nitro-4-hydroxyphenylarsoniec acid, 354 
4-Iodophenylarsineoxide, 130 
4-Iodophenylarsonic acid, 248 
4-Todophenyldiiodoarsine, 119 
4-Jodophenyltrimethylarsonium iodide, 431 
4-Iodopropionylaminophenylarsonic acid, 292 
4-lodosophenylarsonic acid, 248, 510 
3-Iodo-4-triazophenylarsonic acid, 326, 510 
4-ITodoxyphenylarsonic acid, 248, 510 
4-Tsoamylamino-5-carboxyphenylazobenzene-4’-arsonic acid, 287 
Tsoamylarsinedisulfide, 76 

Isoamylarsonic acid, 75 

Isoamyldichloroarsine, 48 

Tsophthaloarsonic acid, 371 
4-Isopropylphenylarsonic acid, 244 
4-Isopropylphenyldichloroarsine, 118 


K 
“Kharsin,” 261 
“Kharsivan,” 180, 186 
el, 
“Tuargol,” 191 
“Tudyl,” 199 
M 


4-Malonylaminophenylarsonie acid, 291 
5,5’-Mercuri-bis(3-nitro-4-hydroxyphenylarsonic acid), 380 
4’-Methoxybenzophenone-4-arsonic acid, 376 
7-Methoxy-7,12-dihydr6-y-benzophenarsazine, 461 
4-Methoxy-3-hydroxyphenylarsonie acid, 344 
2-Methoxy-4-hydroxyphenylarsonie acid, 345 
3-Methoxy-4-hydroxyphenylarsonic acid, 345 
4-Methoxy-3-methylphenylarsonie acid, 344 

Methoxyphenarsazine, 461 

4-Methoxyphenylarsineoxide, 136 

2-Methoxyphenylarsonie acid, 343 

4-Methoxyphenylarsonic acid, 348 

4-Methoxyphenylarsonie acid anhydride, 344 

2-Methoxy-4-phenyl-(4’-arsonic acid)azo-phenylaminomethylsulfonie acid, 284 
2-Methoxy-4-| phenyl-(4’-arsonie acid)azo|-phenylglycine, 283 
4-~Methoxyphenyldichloroarsine, 123 

4-Methoxyphenylduodoarsine, 123 

4-Methoxypheny!trimethylarsonium iodide, 431 
3-Methylamino-4-hydroxyphenylarsonic acid, 361 
4-Methylamino-5-carboxyphenylazobenzene-4'-arsonic acid, 287 
4-Methylamino-3,5,3’,4’,5’-pentaaminoarsenobenzene tetrahydrochloride, 175 
4-~Methylaminophenylarsineoxide, 134 

4-Methylaminophenylarsonic acid, 317 

4-Methyl-3-amino-6-[ phenyl-(4’-arsonie acid)azo |-phenoxyacetie acid, 285 
2-Methyl-5-amino-4-[ phenyl-(4’-arsonic acid)azo]-phenoxyacetic acid, 285 
Methylanthranilylarsine, 108 
Methyl arsenate, 489 
Methylarsepidine, 465 
Methylarsepidine dibromide, 488 
Methylarsepidine dichloride, 483 
Methylarsepidine diodide, 483 
Methylarsepidine oxide, 485 
Methylarsine, 37 
Methylarsinedisulfide, 75 
Methylarsineoxide, 44 
Methylarsinesulfide, 45 
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Methylarsinetetrachloride, 69 
Methylarsinetetraiodide, 69 
Methylarsonic acid, 72 
2-Methyl-1,3- benzodiazole -5-arsonic acid, 471 
7-Methyl-1,3-benzodiazole-5- -arsonic acid, 470 
4'-Methylbenzophenone- 4-arsonic acid, 376 
7-Methy]-1,2,3-benzotriazole-5-arsonic acid, 471 
N-4-Methylcarbamidophenylarsonic acid, 292 
Methyleyclopentamethylenearsine, 465 
Methyleyclopentamethylenearsine dichloride, 483 
3-Methy1-4,6-diaminoazobenzene-4’-arsonic acid, 283 
Methyldichloroarsine, 41 
Methyldiethylarsine, 68 
Methyldiuodoarsine, 42 
Methylethylcyclopentamethylenearsonium iodide, 486 
Methylethyliodoarsine, 57 
N-Methylglycyl-p- -arsanilic acid, 293 
2-Methylindole-3-arsonic acid, 469 
Methylketolearsonic acid, 469 
4-Methylphenanthrophenazine-2-arsonic acid, 474 
N-Methylphenarsazine chloride, 455 
4-Methylphenylarsepidine, 466 
2-Methylphenylarsine, 105 
4-Methylphenylarsine, 105 
4-Methylphenylarsinesesquisulfide, 146 
2-Methylphenylarsineoxide, 129 
3-Methylphenylarsineoxide, 129 
4-Methylphenylarsineoxide, 129 
4-Methylphenylarsineoxybromide, 237 
2-Methylphenylarsineoxychloride, 237 
4-Methylphenylarsineoxychloride, 237 
4-Methylphenylarsinesulfide, 143. 
2-Methylphenylarsinetetrachloride, 236 
3-Methylphenylarsinetetrachloride, 236 
4-Methylphenylarsinetetrachloride, 236 
2-Methylphenylarsonic acid, 242 
3-Methylphenylarsonic acid, 242 
4-Methylphenylarsonic acid, 248, 510 
2-Methylphenylarsonic anhydride, 242 
3-Methylphenylarsonic anhydride, 243 
4-Methylphenylarsonic anhydride, 243 
2-Methyl-4-[phenyl-(4’-arsonic acid)azo|-phenylglycine, 283 
2-Methylphenyl-(4-arsonic acid) glycine, 267 
N-(2-Methylphenyl-4-arsonic acid) glycineamide, 267 
N-(2-Methylphenyl-5-arsonic acid)glycineamide, 267 
N-(3-Methylphenyl-4-arsonic acid)glycineamide, 267 
N-(3-Methylpheny]l-4-arsonic acid) glycinemethylureide, 271 
N-(3-Methylphenyl-4-arsonic acid) glycineureide, 270 
N-(2-Methylphenyl-4-arsonic acid) glycyl-3’-aminophenol, 269 
N-(2-Methylphenyl-4-arsonic acid)glycyl-4’-aminophenol, 270 
N-(3-Methylphenyl-4-arsonic acid) glyeyl-3’-aminophenol, 270 
N-(2-Methylphenyl-4-arsonic acid)methylglycine, esters, 321 
4-Methylphenyleyclopentamethylenearsine dichloride, 485 
a Methylphenylcyclopentamethylenearsine dihydroxide, 485 
2-Methylphenyldichloroarsine, 117 
3-Methylphenyldichloroarsine, 117 
4-Methylphenyldichloroarsine, 117 
4-Methylphenyldiethylarsine, 223 
4-Methylphenyldimethylarsine, 223 
4-Methylphenylmethyldiethylarsonium iodide, 434 
Methyl-y-phenylpropylbromoarsine, 57 
Methyl-y-phenylpropylchloroarsine, 57 
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4-Methylphenyltriethylarsonium chloride, 434 
4-Methylphenyltriethylarsonium hydroxide, 434 
4-Methylphenyltriethylarsonium iodide, 434 
4-Methylphenyltrimethylarsonium iodide, 434 
o-Methylquinolinearsineoxide, 452 : 
o-Methylquinolinearsonie acid, 472 
As-Methyltetrahydroarsinoline, 467 
Methyltri-(f-chlorovinyl)arsonium iodide, 96 
Methyltriethylarsonium iodide, 96 

“Meyer’s Reaction,” 21 

“Monarsone,” 503 

Mouneyrat’s “1116,” 198 

Mouneyrat’s “1151,” 199 


o,a-Naphtharsazine chloride, 454 
6,B-Naphtharsazine chloride, 454 
a-Naphthindolearsonic acid, 470 
o-Naphthol-4-arsonic acid, 339 
a-Naphthylarsineoxide, 130 
B-Naphthylarsineoxide, 130 

o-Naphthylarsonic acid, 244 

B-Naphthylarsonic acid, 244 
o-Naphthyldichloroarsine, 118 
B-Naphthyldichloroarsine, 119 
o-Naphthyldimethylarsine, 223 
a-Naphthyldimethylethylarsonium iodide, 435 
o-Naphthyltrimethylarsonium iodide, 435 
Natrium Arsanilicum, 

“Neoarsphenamine,” 194, 195, 507 
Neoarsphenamine, metallic coordination compounds, 196 
“Neodiarsenol,” 195 

“Neokharsivan,” 194 

“Neosalvarsan,” 194 
5-Nitro-4-acetoxy-3-methylphenylarsonic acid, 353 
2-Nitro-4-acetylamino-3-hydroxyphenylarsonic acid, 366 
2-Nitro-4-acetylamino-3-methoxyphenylarsonic acid, 367 
6-Nitro-4-acetylamino-3-methoxyphenylarsonic acid, 367 
5-Nitro-2-acetylaminophenylarsonic acid, 332 
2-Nitro-4-acetylaminophenylarsonic acid, 332 
2-Nitro-4-amino-3-hydroxyphenylarsonic acid, 365 
2-Nitro-4-amino-3-methoxyphenylarsonic acid, 366 
6-Nitro-4-amino-3-methoxyphenylarsonic acid, 366 
5-Nitro-4-amino-3-methylphenyl: arsonic acid, 331 
3-Nitro-4-aminophenylarsineoxide, 1385 
5-Nitro-2-aminophenylarsonie acid, 300 
2-Nitro-3-aminophenylarsonie acid, 329 
6-Nitro-3-aminophenylarsonic acid, 330 
2-Nitro-4-aminophenylarsonie acid, 330 
3-Nitro-4-aminophenylarsonic acid, 330 
5-Nitro-2-aminophenylarsonic acid oxanilide, 332 
3-Nitro-4-aminophenyldiodoarsine, 120 
3-Nitro-4-benzenesulfamidophenylarsonie acid, 332 
3/-Nitrobenzophenone-4-arsonic acid, 376 
4'-Nitrobenzyl-p-arsanilic acid, 318 
2-Nitro-3-carbethoxyaminophenylarsonic acid, 331 
3-Nitro-4-carbethoxyaminophenylarsonie acid, 331 
4-Nitro-2-carboxyphenylarsonic acid, 371 
3-Nitro-4-carboxyphenylarsonic acid, 371 
5-Nitro-2,4-dihydroxyphenylarsonic acid, 350 
5-Nitro-2,4-dimethoxyphenylarsonie acid, 354 
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5-Nitro-3,4-dimethoxyphenylarsonie acid,’ 354 
?-Nitro-4-dimethylamino-2-methylphenylarsonic acid, 335 
?-Nitro-4-dimethylamino-3-methylphertylarsonic acid, 335 
2-Nitro-4-dimethylaminophenylarsonic acid, 335 
3-Nitro-4-dimethylaminophenylarsonic acid, 335 
?-Nitro-2,4-dimethylphenylarsonic acid, 254 
?-Nitro-2,5-dimethylphenylarsonie acid, 254 
4-Nitro-2,5-dimethylphenylarsonie acid, 254 
2-Nitrodiphenylarsinic acid, 392 
3’-Nitrodiphenylarsinic acid-2-arsonie¢ acid, 392 
3-Nitro-4-ethoxyphenylarsonic acid, 352 
3-Nitro-4-hydroxyanthraquinonearsonic¢ acid, 349 
3’-Nitro-4’-hydroxybenzyl-p-arsanilic acid, 319 

. 5-Nitro-4-hydroxy-2-carboxyphenylarsonic acid, 374 
3-Nitro-4-hydroxy-2-methylphenylarsonic acid, 349 
5-Nitro-4-hydroxy-3-methylphenylarsonic acid, 349 
3-Nitro-4-hydroxyphenylarsineoxide, 136 
3-Nitro-4-hydroxyphenylarsinesesquisulfide, 147 
4-Nitro-2-hydroxyphenylarsonic acid, 347 
5-Nitro-2-hydroxyphenylarsonic acid, 347 
2-Nitro-3-hydroxyphenylarsonic acid, 347 
3-Nitro-4-hydroxyphenylarsonic acid, 347 
3-Nitro-4-hydroxyphenylarsonic acid, p-toluenesulfonic acid ester, 353 
3-Nitro-4-hydroxyphenylmethylarsinic acid, 397 
5-Nitro-4-methoxy-3-hydroxyphenylarsonic acid, 353 
5-Nitro-2-methoxy-4-hydroxyphenylarsonie acid, 353 
5-Nitro-3-methoxy-4-hydroxyphenylarsonic acid, 354 
3-Nitro-4-methoxy-5-methylphenylarsonic acid, 352 
4-Nitro-2-methoxyphenylarsonic acid, 352 
3-Nitro-4-methoxyphenylarsonic acid, 352 
3-Nitro-4-methylaminophenylarsonic acid, 333 
3-Nitro-4-methylphenylarsinesulfide, 144 

4-Nitro-2 or 6-methylphenylarsonic acid, 252 
5-Nitro-2-methylphenylarsonic acid, 252 
6-Nitro-2-methylphenylarsonic acid, 253 

2 or 6-Nitro-4-methylphenylarsoniec acid, 253 

3 or 5-Nitro-4-methylphenylarsonic acid, 253 
3-Nitro-4-methylphenyldibromoarsine, 120 
4-Nitro-o-naphthylarsonic acid, 254 
3-Nitro-?-(m-nitrophenyl)phenylarsonic acid, 256 
o-Nitrophenarsazine chloride, 457 
p-Nitrophenarsazine chloride, 457 
o-Nitrophenarsazinic acid, 479 

p-Nitrophenarsazinic acid, 479 
3-Nitrophenylarsenious acid, 131 
4-Nitrophenylarsenious acid, 131 
3-Nitrophenylarsinedisulfide, 382 
3-Nitrophenylarsinesesquisulfide, 146 
3-Nitrophenylarsinetetrachloride, 236 
2-Nitrophenylarsonic acid, 251 

3-Nitrophenylarsonic acid, 251 

4-Nitrophenylarsonic acid, 252 
N-(2-Nitrophenyl-4-arsonic acid)amylglycine, 335 
N-(3-Nitrophenyl-4-arsonic acid)amylglycine, 335 
N-(2-Nitrophenyl-4-arsonic acid)ethylglycine, 335 
N-(3-Nitrophenyl-4-arsonic acid)ethylglycine, 335 
(3-Nitrophenyl-4-arsonic acid)hydroxyacetice acid, 353 
N-(2-Nitrophenyl-4-arsonic acid)methylglycine amylester, 335 
N-(3-Nitrophenyl-4-arsonic acid)methylglycine amylester, 335 
3-Nitrophenyldibromoarsine, 120 
2-Nitrophenyldichloroarsine, 119 
3-Nitrophenyldichloroarsine, 120 


2 
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3-Nitrophenylduodoarsine, 120 
3-Nitrophenyldihydroxyarsine, 131 
2-Nitrophenylglycine-4-arsonic acid, 332 
N-4-Nitrosomethylaminophenylarsonic acid, 320 
4-Nitrosophenylarsonie acid, 256 
4-Nitroso-1-(phenyl-4’-arsonie acid)-2,3- dimethyl-5-pyrazolone, 475 
5-Nitrothienyl-2-arsonic acid, 475 
3-Nitro-4-triazophenylarsineoxide, 135 
3-Nitro-4- triazophenylarsonic acid, 330 
“Novarsenobenzol,” 195 

“Novarsenobillon,” 194 


O 
“Orsudan,” 265 
6-Oxalylamino-3-methylphenylarsonic acid, 266 
4'-Oxalylamino-phenoxyacetyl-p-arsanilic acid, 298 
4-Oxalylaminophenylarsonic acid, 291 
m-Oxalylaminophenylglycyl-p-arsanile acid) 294 
p-Oxalylaminophenylglyeyl-p-arsanilic acid, 294 
N,N’-Oxalylbis-o-arsanilie acid, 266 
p-Oxamylaminophenylarsonic acid, 300 
p-Oxamylaminophenylglyeyl-p-arsanilic acid, 295 
Oxanilamide-p-arsonic acid, 300 
Oxanil-p-arsonic acid, 291 


12 
Pentamethylarsine, 98 
N,N’-Pentamethylenebis(p-arsinosobenzamide), 141 
Pentamethylenebromoarsine, 456 
Phenacyl-p-arsanilic acid, 317 
Phenanthrophenazinearsonic acid, 473 
Phenarsazine, 467 
Phenarsazine acetate, 453 
Phenarsazine bromide, 456 
Phenarsazine chloride, 453 
Phenarsazine oxide, 459 
Phenarsazine sulfide, 461 
Phenarsazine sulfate, 454 
Phenarsazinic acid, 478 
Phenazine-2,7-bisarsonic acid, 474 
Phenetyl, Cf. Ethoxyphenyl- 
Phenol-p-arsonic acid, 338 
Phenoxarsine bromide, 457 
Phenoxarsine chloride, 455 
Phenoxarsine iodide, 457 
Phenoxarsine oxide, 460 
Phenoxarsine sulfide, 462 
Phenoxarsine thiocyanate, 457 
Phenoxarsinic acid, 478 
Phenoxyacetic acid-p-arsonic acid, 342 
Phenoxyacetyl-p-arsanilic acid, 297 
4’-Phenoxybenzophenone-4-arsonic acid, 376 
Phenoxycacodyl, 462 
7-Phenoxy-7,12-dihydro-y-benzophenarsazine, 461 
Phenoxyethyl-p-arsanilie acid, 319 
B-Phenoxyethylphenylarsinic acid, 400 
Phenylarsenimide, 116 
Phenylarsenious acid, esters of, 128 
Phenylarsepidine, 466 
Phenylarsepidine cyanobromide, 484 
Phenylarsepidine dibromide, 484 
Phenylarsepidine dichloride, 484 
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Phenylarsepidine diiodide, 484 
Phenylarsepidine hydroxybromide, 484 
Phenylarsepidine tetraiodide, 484 
Phenylarsine, 104 
Phenylarsineoxide, 127 
Phenylarsineoxybromide, 237 
Phenylarsineoxychloride, 237 
Phenylarsinesesquisulfide, 146 
Phenylarsinesulfide, 143 
Phenylarsinetetrachloride, 236 
Phenylarsinoacetanilide, 399 
Phenylarsinoacetic acid, 399 
Phenylarsinoacetphenetidine, 399 
Phenylarsino-2-acetylaminobenzoic acid, 399 
Phenylarsinoacetyl-p-arsanilic acid, 399 
Phenylarsonic acid, 240, 510 
N-(Phenyl-4-arsonic acid)acetylglycine, 320 
N-(Phenyl-4-arsonic acid)-o-aminopropionamide, 300 
o-N-(Phenyl-4-arsonic acid)aminopropionylurea, 313 
N- (Phenyl-4-arsonic acid)amylglycine, 321 

a’-[Phenyl-(4-arsonic acid)azo]-a-naphthylglycine, 284 

ei Phenyie(4' -arsonic acid)azo} -Phenylaminomethylsulfonic acid, 284 
4-| Phenyl-(4’-arsonic acid)azo]-phenylglycine, 283 
1-(Phenyl]-4’-arsonic acid)-2,3-dimethyl-5-pyrazolone, 472 
N-(Phenyl-4-arsonic acid) ethylglycine, 321 
Phenyl-(4-arsonic acid) glycine, 298 
N-(Phenyl-4-arsonic acid) glycine-4’-acetylaminoanilide, 304 
N-(Phenyl-4-arsonic acid) glycine-4’ -acetylaminobenzylamide, 304 
N-(Phenyl-4-arsonic acid) glycine- 4’-acetylaminophenylureide, 314 
N-(Phenyl-2-arsonic acid) glycineamide, 267 
N-(Phenyl-3-arsonic acid) glycineamide, 267 
N-(Phenyl]-4-arsonic acid) glycineamide, 299 
N-(Phenyl-4-arsonic acid) glycine-4’-aminoanilide, 303 
N-(Phenyl]-2-arsonic acid)glycineanilide, 268 
N-(Phenyl-3-arsonic acid) glycineanilide, 268 
N-(Phenyl-4-arsonic acid) glycineanilide, 301 
N-(Phenyl-4-arsonic acid) glycine-p’-anisidide, 307 
N-(Phenyl-4-arsonic acid) glycine benzylamide, 302 
N-(Phenyl-4-arsonic acid) glycine-benzylureide, 314 
N-(Phenyl-4-arsonic acid) glycine-3’-carboxamidobenzylamide, 310 
N-(Phenyl-4-arsonic acid) glycine-3’ -carboxureidobenzylamide, 310 
N-(Phenyl-4-arsonic acid) glycine-4’-chloroanilide, 303 
N-(Phenyl-4-arsonic acid) glycine diethylamide, 316 
N-(Phenyl-4-arsonic acid) glycine-3’ ,4’-dihydroxyanilide, 307 
N-(Phenyl-4-arsonic acid) glycine dimethylamide, 316 
N-(Phenyl-4-arsonic acid)glycine diphenylamide, 303 
N-(Phenyl-4-arsonic acid) glycine ethylamide, 301 
N-(Phenyl-4-arsonic acid) glycine ethyl ester, 299 
N-(Phenyl-4-arsonic acid)glycine ethylureide, 314 
N-(Phenyl-4-arsonic acid) glycine-2’-hydroxyanilide, 305 
N-(Phenyl-4-arsonic acid) glycine-4'-hydroxyanilide, 305 
N-(Phenyl-4-arsonic acid) glycine-4’ l’-hydroxynaphthalide, 306 
N-(Phenyl-4-arsonic acid) glycine-4’ -hydroxyphenylureide, 315 
N-(Phenyl-4-arsonic acid) glycine-4’-iodoanilide, 303 
N-(Phenyl-4-arsonic acid) glycine-3’-methyl-4’ -acetylaminobenzylamide, 304 
N-(Phenyl-3-arsonic acid) glycine methylamide, 268 
N-(Phenyl-4-arsonic acid) glycine methylamide, 301 
N-(Phenyl-4-arsonic acid)glycine methyl ester, 299 
N-(Phenyl-4-arsonic acid) glycine-2’-methy1-5’-hydroxyanilide, 306 
N-(Phenyl-4-arsonic acid) glycine-4’-methyl-5’-hydroxyanilide, 306 
N-(Phenyl-4-arsonie acid) glycine-4’-methyl-5’-uraminoanilide, 304 
N-(Phenyl-2-arsonic acid) glycinemethylureide, 271 
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N-(Phenyl-3-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Pheny]-4-arsonic 
N-(Phenyl]-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Pheny1]-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-2-arsonic 
N-(Phenyl-3-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Pheny1-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-2-arsonic 
N-(Phenyl-2-arsonic 
N-(Phenyl-2-arsonic 
N-(Phenyl-3-arsonic 
N-(Phenyl-3-arsonic 
N-(Phenyl-3-arsonic 
N-(Phenyl-4-arsonic 
N-(Pheny]-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonie 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
N-(Phenyl-4-arsonic 
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acid) glycinemethylureide, 271 

acid) glycinemethylureide, 313 

acid) glycine-a-naphthylamide, 302 

acid) glycine-6-naphthylamide, 302 

acid) glycine-4’-nitroanilide, 303 

acid) glycine-3’-oxamylaminoanilide, 305 
acid) glycine-4’-oxamylaminoanilide, 305 
acid) glycine-3’-oxamylaminophenylureide, 315 
acid) glycine-phenylureide, 314 

acid) glycine piperidide, 316 

acid) glycine-n-propylamide, 301 

acid) glycine-2’-toluidide, 302 

acid) glycine-3’-toluidide, 302 

acid) glycine-4’-toluidide, 302 

acid) glycine-4’-ur aminoanilide, 304 

acid) glycine-4’ -uraminobenzylamide, 305 
acid) glycineureide, 270 

acid) glycineureide, 270 

acid) glycineureide, 312 

acid) glycyl-4’-aminoacetophenone, 311 

acid) glycyl-2’-aminobenzamide, 309 

acid) glycyl-3’-aminobenzamide, 309 

acid) glycyl-4’-aminobenzamide, 309 

acid) glycyl-3’-aminobenzenesulfonamide, 311 
acid) glycyl-4’-aminobenzenesulfonamide, 311 
acid) glycyl-4’-aminobenzenesulifonic acid, 311 
acid) glycyl-3'-aminobenzoylurea, 310 

acid) glycyl-3’-amino-6’ -bromophenol, 307 
acid) glycyl-3’-amino-4 6’ -dichlorophenol, 307 
acid) glycyl-4’-amino-6’ -hy droxy benzenesulfonic acid, 311 
acid) glycyl-1’-amino-2’-naphthol, 306 

acid) glycyl-4’-amino-1’-naphthol, 306 

acid) glycyl-2'-aminophenol, 268 

acid) glycyl-3’-aminophenol, 268 

acid) glyeyl-4’-aminophenol, 269 

acid) glycyl-2’-aminophenol, 269 

acid) glyeyl-3’-aminophenol, 269 

acid) glycyl-4’-aminophenol, 269 

acid) glyeyl-2'-aminophenol, 305 

acid) glycyl-3’-aminophenol, 305 

acid) glycyl-4’-aminophenol, 305 

acid) glycyl-2’ -aminophenoxyacetamide, 308 
acid) glycyl-4’-aminophenoxyacetamide, 308 
acid) glycyl-3’-aminophenoxyacetic acid, 308 
acid) gly cyl-4’-aminophenoxyacetic acid, 308 
acid) glycyl-4’-aminophenoxyacetylurea, 309 
acid) glyeyl-3’-aminophenylacetamide, 312 
acid) glycyl-4’-aminopheny lacetamide, 312 
acid) glycyl-4’-aminophenylacetic acid, 312 
acid) glycyl-4’-aminophenylacetureide, 312 
acid) glyeyl- 4 -aminopyrocatechol, 307 

acid) glycyl-5’-amunosalicylamide, 310 

acid) glycyl-anthranilic acid, 309 

acid) glycyl-anthranilic ethyl ester, 309 
acid) glyeyl-3’-methyl-4’- -aminophenoxy acetic acid, 308 
acid) glycyl-N-methylanthranilic acid, 316 
acid) glycyl-3’-uraminobenzamide, 315 

acid) glyeyl-4’ -uraminobenzamide, 315 

acid) glyeyl-4’ -uraminophenoxyacetamide, 315 
acid) glycyl-3'-uraminophenylacetamide, 316 
acid) glycyl-4’- -uraminophenylacetamide, 316 


(Phenyl-4-arsonic acid) hydroxyacetamide, 342 


‘ 
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(Phenyl-4-arsonic acid) hydroxyacetanilide, 342 

(Phenyl-4-arsonic acid) hydroxyacetie acid, 342 

(Phenyl-4-arsonic acid)hydroxyacetic methyl ester, 342 

(Phenyl-4-arsonic acid) hydroxyacetyl-3’-aminophenol, 343 
(Phenyl-4-arsonic acid) hydroxyacetyl-4’-aminophenol, 343 
(Pheny]-4-arsonic acid) hydroxyacetyl-4’-aminophenylurea, 343 
1-(Pheny]-4’-arsonic acid)-3-methyl-5-chloropyrazole, 471 
N-(Phenyl-4-arsonie acid)methylglycine and esters, 321 
N-(Phenyl-4-arsonie acid)-a-methylglycineamide, 300 
1-(Phenyl-4’-arsonic acid)-3-methyl-5-pyrazolone, 472 
N-(Phenyl-4-arsonie acid)nitrosoglycineamide, 320 

N-(Phenyl-4-arsonic acid)nitrosoglycine, amyl ester, 320 
N-(Phenyl-4-arsonic acid) nitrosoglycineanilide, 320 

N-(Phenyl-4-arsonic acid)-a-phenylglycine, 299 

N-(Phenyl-4-arsonic acid)-o-phenylglycineamide, 300 
N-(Phenyl-4-arsonie acid)-o-phenylglycine-3’-carbamidoanilide, 310 
N-(Phenyl-4-arsoniec acid)-a-phenylelycine-3’-hydroxyanilide, 306 
N-(Phenyl-4-arsonie acid)-a-phenylelycine-4/-uraminoanilide, 305 
N-(Phenyl-4-arsonic acid)-a-phenylelycineureide, 313 
N-(Phenyl-4-arsonic acid)-a-phenylelycyl-4’-aminophenylacetamide, 312 
(Phenyl-4-arsonic acid)thioacetic acid, 343 

Phenylarsonic anhydride, 242 

As-Phenylarsylenimine, 116 

Phenylbenzylarsinic acid, 390 

Phenylbenzyldimethylarsonium iodide, 437 
Phenylbenzylethyl-n-propylarsonium iodide, 439 
Phenylbenzylethyl-n-propylarsonium-d-camphor-f-sulfonate, 439 
Phenylbenzylmethylallylarsonium iodide, 4388 
Phenylbenzylmethylallylarsonium-d-o-bromocamphor-z-sulfonate, 438 
Phenylbenzylmethylarsine, 225 

Phenylbenzylmethylarsine hydroxybromide, 406 
d-Phenylbenzyl-a-naphthylmethylarsonium bromide. 447 
Phenvlbenzyl-o-naphthylmethylarsonium bromide, 447 
Phenylbenzyl-a-naphthylmethylarsonium-d-a-bromocamphor-a-sulfonate, 447 
d-Phenylbenzyl-o-naphthylmethylarsonium iodide, 447 
Phenylbromoarsinoacetanilide, 212 

Phenylbromoarsinoacetic acid, 212 
Phenyl-n-butylcyclopentamethylenearsonium iodide, 486 
Phenyl-n-butylevclotetramethylenearsonium iodide, 485 

Phenvleacodyl, 218 

N-4-Phenylcarbamidophenylarsonic acid, 292 
Phenylcarboxymethyldiethylarsonium chloride, 432 
Phenylchloroarsinoacetiec acid, 211 
Phenyl-w-chlorobenzyldimethylarsonium chloride, 438 
Phenyleyclopentamethylenearsine, 466 
Phenyleyclopentamethylenearsine dichloride, 484 
Phenyleyclotetramethylenearsine, 465 
Phenyleyclotetramethylenearsine dichloride, 483 
Phenyldi-p-benzarsonic acid, 421 
Phenyldibromoarsine, 116 
Phenyldichloroarsine, 115 
Phenyldi(2,4-dimethylpheny])arsine, 228 
Phenyldi(2,4-dimethylphenyl)arsine dichloride, 409 
Phenyldi(2,4-dimethylphenyl)arsine dihydroxide, 416 
Phenyldi(2,4-dimethylphenyl) arsine hydroxychloride, 409 
Phenyldi(2,4-dimethylphenyl) arsine hydroxynitrate, 416 
Phenyldi(2,4-dimethylphenyl)arsine oxide, 416 
Phenyldi(2,4-dimethylpheny])arsine sulfide, 425 
Phenyldi(2,4-dimethylphenyl) arsine tetraiodide, 409 
Phenyldi(2,4-dimethylphenyl) ethylarsonium iodide, 448 
Phenyldi(2,4-dimethylphenyl)methylarsonium hydroxide, 448 
Phenyldi(2,4-dimethylphenyl) methylarsonium iodide, 448 
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Phenyldiethoxyarsine dichloride, 237 
Phenyldiethvlarsenibetaine, 432 
Phenyldiethvlarsenibetaine hydrochloride, 432 
Phenvldiethylarsine, 223 

Phenvldiethvlarsine dibromide, 405 

Phenvidiethvlarsine dichloride. 405 

Phenvldiethvlarsine diiodide, 405 

Phenvldiiodoarsine, 117 

Phenvldimethoxvarsine dichloride, 237 
Phenvidimethvlarsine, 222 

Phenvldimethvlarsine evanobromide. 412 
Phenvldimethvlarsine evanoiodide. 412 
Phenvidimethvlarsine dibromide, 404 
Phenvidimethvlarsine dichloride. 404 
Phenvidimethvlarsine dihvdroxide. 414 
Phenvldimethvlarsine hvdroxvhromide, 404 
Phenvidimethvlarsine hvdroxvehloride. 404 
Phenvldimethvlarsine hvdroxviodide. 405 
Phenvidimethvlarsine hvdroxvnicrate. 405 
Phenvldimethvlarsine tetrabromide. 404 
Phenvldimethvlethvlarsonium iodide, 431 

Phenvldi (4_methvinhenvl arsine, 228 
PhenvlAi(A_methvinhenvl arsine dichloride, 407 
DPh\onvldi(A_methvinhenvlyarsine hvdroxvhromide. 408 
Phenvldi (4-methvinhenvl)arsine hvdroxvehloride. 4N8 
Phenvldi(4-methvinhenvl)arsine hvdroxvnitrate, 415 
Dhoenwldai(4_methvinhenvl arsine oxide, 415 
Phenvldi(4_-methvinhenvl arsine sulfide, 494 
Phenvldi(A_-methvinhenvlethvlarsoninm iodide 444 
Phenvldat(4_-meathvlnhenvl) methvlarsoninm jodide, 444 
Dhenvldi(9 4 F_trimethvlnhenvl )arsine, 999 

Phenvldai(9 4 Rtrimethvinhenvl arsine dihramide, 49 
Phenwvldi(9 4 R-trimethvinhenvl arsine dichloride 400 
Phoenvldi(9 4 B-trimethvinhenvlyarsine dihwdraxvide 416 
DhanwlAai(9 A R4rimethwinhenvlyarsine Atindide 400 
Phenvldi(9 4 K_trimethvinhenvl arsine hvdroxvhramide, 499 
Phenvldi(9 4 5-trimethvlnhenvl arsine hvdroxvehloride 409 
Phenvldi(9.4 F-trimethvlnhenv! arsine hvdroxvindide, 409 
Phenvldi(9 4 K-trimethvlnhenv! arsine oxide. 417 
Phonvldi(9 4 Ktrimethvinhenvl arsine sulfide, 495 
Phenvldi(9 4 5_trimethvlnhenvl)ethvlarsoniim iodide. 448 
Phenvldi(9 4.4-trimethvlnhenvl) methvlarsonium ehloride. 44& 
Phenvldi(9 4 5-trimethvinhenwl) methvlarsoninm hvdroxide, 448 
Phenvldi(2.4.4-trimethvInhenvl)methvlarsonium iodide, 448 
n-Phenvlenediaminearsonie acid. 393 
o-Phenvlenediarsineoxvehloride, 246 

o-Phenvlenediarsonic acid. 245 

m-Phenvlenediarsonic acid. 246 

n-Phenvlenediarsonic acid. 246 

o-Phenvleneurerarsonie acid. 323 
Phenvlethoryvchloroarsine. 207 

Phenvlethvlarsinic acid, 888 

Phenvlethvlhromoarsine, 207 

Phenvlethv!chloroarsine, 207 

Phenvlethvlevanoarsine, 212 
Phenvlethyleyclopentamethvlenearsonium iodide, 486 
Phenvlethylevclotetramethylenearsonium iodide, 485 
Phenylethvl-n-propylallylarsonium bromide, 434 
Phenvlethvl-n-propvlallvlarsonium-d-a-bromocamphor-x-sulfonate, 434 
Phenylethvl-n-propvlarsine, 225 
N-Phenylglycineanilide-p-acetamide-p’-arsonic acid, 297 
N-Phenylglycineanilide-p-acetureide-p’-arsonic acid, 297 
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N-Phenylglycineanilide,p’-arsonic acid, 293 
N-Phenylglycineanilide-m-carboxureide-p’-arsonic acid, 297 
N-Phenylglycineanilide-4,4’-diarsonic acid, 297 
N-Phenylglycineanilide-p-glycineamide-p’-arsonic acid, 295 
N-Phenyiglycineanilide-p-nydroxyacetic ether acid amide-p’-arsonic acid, 296 
N-Phenyiglycimeanilide-p-hydroxyacetic ether acid-p’-arsonic acid, 296 
N-Phenylglycimeanilide-p-hydroxyacetic ether acid ureide-p’-arsonic acid, 296 
Phenylglycime-4-arsonic acid, 298 ‘ 
Phenyigliycineamide-4-arsonic acid, 299 

rhenylglycime-4-arsine, 106 

Phenyigtycine-4-arsinedisulfide, 382 
Fhenyiglycine-4-arsineoxide, 184 
Phenylgiycime-4-dichloroarsine hydrochloride, 121 
Phenylglycol-p-arsonic acid, 342 

N-Phenylglycyl-p-arsanilic acid, 293 
Phenyl-w-hyaroxybenzyldimethylarsonium chloride, 438 
Phenyliodomethyldiethylarsonium iodide, 4382 
rhenylisoamylarsinic acid, 388 
Phenylusobutyicyclotetramethylenearsonium iodide, 485 
rhenylsopropylcyclopentamethylenearsonium iodide, 486 
Phenylisopropyicyclotetramethylenearsonium iodide, 485 
fnenylmetnylallylarsine, 224 

henyimethylarsimeoxide, 214 

Phenyimethylarsinic acid, 5387 

/henylinethylbromoarsine, 207 

symm. Phenylmethylcacodyl, 217 

rnenyimetbyichloroarsine, 2U6 
rnelyiluethyicyciopentamevnylenearsonium iodide, 486 
ruenylmethyicyclovetramethylenearsonium 10dide, 485 
rhenyimetnylaethylarsonlum chloride, 452 
rhenyiimethyidiethylarsonium 1oaiae, 452 
rhuenyimetnyletoylarsine, 224 

rhenylmethyleunylarsine cyanobromide, 412 
fhenylinetnylethylarsine hydroxybromide, 405 
rueuylmetnylodoarsine, 2U7 
ineny1-4-metnyipnenylpenzylethylarsonium chloride, 446 
rheuyl-4-metnyipnenylbenzyiethylarsonlum iodide, 440 
rnenyi-4-meinyipnenyldiethylarsonium lodide, 437 
heuyi-4-lethbyiphenylethyusopropylarsonium iodide, 437 
irnenyl-4-lwethyipuenyleviyi-U-propylarsonium 10diue, 404 
Phenyl-4-methylphenylmethylethylarsonium chloride, 437 
Pnenyl-4-methyiphenylmethylethylarsonium iodide, 437 
henylmethy!-y-phenylpropylarsine, 224 
Pheny!methyl-n-propylarsine, 224 
Fhenyimethyl-n-propylarsine cyanobromide, 412 
Phenyimetnyl-n-propylarsine hydroxybromide, 405 
Phenyl-o-naphthyldimethylarsonium iodide, 439 
Phenyl-a-naphthylhomopiperonylmethylarsonium bromide, 438 
Pheny!l-a-naphthylhomopiperonyimethylarsonium-d-a-bromocamphor-z-sulfonate, 439 
Phenyl-o-naphthyimethylallylarsonium bromide, 438 
Phenyl-a-naphthylmethylarsine, 225 
Phenyl-o-naphthylmethylarsine oxide, 414 
Phenyl-a-naphthylphenacylmethylarson1um bromide, 438 
Phenyl-o-naphthyiphenacylmethylarsonium-d-a-bromocamphor-a-sulfonate, 438 
4-Phenylphenylarsineoxide, 130 

4-Phenylphenylarsinesulfide, 144 
4-Phenylphenylarsinetetrachloride, 236 

4-Phenylphenylarsonic acid, 244 

4-Phenylphenyldichloroarsine, 119 
Phenyl-y-phenylpropyldimethylarsonium iodide, 439 
Phenyl-n-propyleyanoarsine, 212 
Phenyl-n-propylcyclopentamethylenearsonium iodide, 486 
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Phenyl-n-propyleyclotetramethylenearsonium iodide, 485 
y-Phenylpropyldimethylarsine, 435 
y-Phenylpropyltrimethylarsonium iodide, 435 
2-Phenylquinoline-4-carboxylic acid-6-arsonic acid, 473 
4-Phenylsulfoneaminophenylarsonic acid, 291 
Phenylthioglycol-p-arsonic acid, 343 
Phenyl-p-tolylarsineoxide, 215 
Phenyl-p-tolylarsineoxychloride, 385 
Phenyl-p-tolylarsinesulfide, 216 
Phenyl-p-tolylarsinic acid, 389 
Phenyl-p-tolyl-p-benzarsonic acid, 421 
Phenyl-p-tolyichloroarsine, 210 
Phenyl-p-tolylethylarsine, 225 
Phenyl-p-tolylethylarsine dichloride, 406 
Phenyltriethylarsonium chloride, 433 
Phenyltriethylarsonium dichloroiodide, 433 
Phenyltriethylarsonium hydroxide, 433 
Phenyltriethylarsonium iodide, 483 
Phenyltriisoamylarsonium iodide, 434 
Phenyltrimethylarsonium bromide, 430 
Phenyltrimethylarsonium chloride, 429 
Phenyltrimethylarsonium iodide, 430 
Phenyltrimethylarsonium picrate, 4380 
Phenyltrimethylarsonium triiodide, 430 
Phenyltrithioarsonic acid, disodium salt, 381 
4-Phthalylaminophenylarsonic acid, 291 
Polyarsenides and coordination products, 175 
7-n-Propoxy-7,12-dihydro-y-benzophenarsazine, 461 
n-Propylarsine, 40 

n-Propylarsinedisulfide, 76 

n-Propylarsonie acid, 74 
n-Propyl-n-butylarsinic acid, 82 

Protein arsenicals, 488 

Pseudocumyl, Cf. 2,4,5-Trimethylphenyl- 
Pyrobismethylarsonic acid, 74 
Pyrogallolarsenic acid, 491 


Q 
Quinaldinearsineoxide, 452 
Quinaldinearsonic acid, 472 
Quinoline arsenate, 491 

R 
Resorcinolarsonic acid, 340 

Ss 


Salicylarsonie acid, 374 

“Salvarsan,” 180 

“Silver Arsphenamine,” 190, 509 

“Soamin,” 277 

“Sodium Arsphenamine,” 188 
Sodium-3,3’-diamino-4,4’-dihydroxyarsenobenzene-N-methylenesulfinate, 194 
“Spirarsen,” 156 

“Spirarsyl,” 156 

“Sulfarsenol,” 197 

5-Sulfo-3-amino-4-hydroxyphenylarsenious acid, 137 
5-Sulfo-3-amino-4-hydroxyphenylarsonic acid, 365 
5-Sulfo-3-amino-4-hydroxyphenyldihydroxyarsine, 137 
4-Sulfoazobenzene-5’-amino-2’-arsonie acid, 264 
5-Sulfo-3,3’-diamino-4,4’-dihydroxyarsenobenzene hydrochloride, 175 
4-Sulfomethylaminophenylarsoniec acid, 299, 511 
?-Sulfo-a-naphthylarsonic acid, 244 

“Sulpharsphenamine,” 198, 509 


SUBJECT INDEX 565 


oT 


Tertiary-butylphenylarsineoxide, 130 
Tertiary-butylphenylarsinesulfide, 143 
Tertiary-butylphenylarsonic acid, 244 
Tertiary-butylphenyldichloroarsine, 118 

Tetra(3- acetylaminopheny])diarsine, 218 
3,5,3’,5’-Tetraacetyltetraamino-4,4’ -dihydroxyarsenobenzene, 165 
Bio. Bh Tetraacetyltetraamino-2,4,2’,4 "tetrahydroxyarsenobenzene, 166 
Tetraallylarsonium chloride, 93 

Tetraallylarsonium hydroxide, 93 

Tetraallylarsonium iodide-mercurichloride, 93 
Tetraallylarsonium iodide-mercuriiodide, 93 

2,4,2’ 4’-Tetraaminoarsenobenzene, 155 

3,4,3’ 4’-Tetraaminoarsenobenzene, 155 
3,5,3’,5’-Tetraaminoarsenophenylmethylhydrazine, 160 
3,5,3’,5’-Tetraamino-4,4’-bismethylaminoarsenobenzene, 157, 504 
3,5,3’.5’-Tetraamino-4,4’-dihydroxyarsenobenzene, 164 
3,5,3’,5’-Tetraamino-4 ,4’-dipiperidinoarsenobenzene, 157 

Tetra (3-amino-4-hydroxyphenyl])diarsine, 219 
Tetra(3-aminophenyl)diarsine, 218 
3,5,3’,5’-Tetraamino-4,4’-tetraethyldiaminoarsenobenzene, 160 

3 5, os '5’-Tetraamino-2, 4,2’ 4’-tetrahydroxyarsenobenzene, 165 

a 5 0 ,5'-Tetraamino- 4, 4 ‘_tetramethyldiaminoarsenobenzene, 160 
3,5,3’,5’-Tetraamino-2,4,2’ 4’-tetramethyltetraaminoarsenobenzene, 160 
Tetrabenzylarsonium bromide, 450 

Tetrabenzylarsonium chloride, 450 

Tetrabenzylarsonium hydroxide, 451 

Tetrabenzylarsonium iodide; 451 

Tetrabenzylarsonium triiodide, 451 
3,5,3’,5’-Tetrabromo-4,4’-dihydroxyarsenobenzene, 163 
Tetra-n-butylarsonium chloride, 94 

Tetra-n-butylarsonium hydroxide, 94 

Tetra-n-butylarsonium iodide, 93 

2,4,2’ 4’-Tetracarboxytriphenylarsine oxide, 422 
3,5,3’,5'-Tetrachloro-4,4’-dihydroxyarsenobenzene, 163 

26,2’ 6’-Tetrachloro-3,5,3’,5’-tetraamino-4,4’-bismethylaminoarsenobenzene, 161 
Tetraethylarsonium acid sulfate, 92 

Tetraethylarsonium bromide, 92 

Tetraethylarsonium chloride, 92 

Tetraethylarsonium hydroxide, 92 

Tetraethylarsonium iodide, 92, 503 

Tetraethylarsonium triiodide, 92 

4 4'-Tetraethyldiaminoarsenobenzene, 159 

Tetraethyldiarsine, 64 

3,4,3',4/- Tetrahydroarsenobenzodioxazolone, 462 

Tetrahydro-3, 6-diethyl-2,5-diphenyl-1,4,2,5-dioxdiarsine, 112 
Tetrahydro-3,6-difuryl-2,5-diphenyl-1,4,2,5-dioxdiarsine, 113 
Tetrahydro- 3,6- diisobutyl-2,5-diphenyl-1,4,2,5- dioxdiarsine, 113 
Tetrahydro-3,6-dimethyl-2,5-dipheny]-1,4,2,5-dioxdiarsine, 112 
Tetrahydro-3, 6-di-n-propyl-2,5- diphenyl- 1 4 2; 5-dioxdiarsine, 112 
Tetrahydro-2,5-dipheny]-1,4,2,5- dioxdiarsine, 112 
Tetrahydroquinoline arsenate, 491 
Tetrahydroxydiphosphotetraaminodiarsenobenzene, 198 
Tetrahydroxymonophosphotetraaminodiarsenobenzene, 198 
Symm. Tetraiodocacodylic acid, 82 

3,5,3’,5'-Tetraiodo-4 4’-dihydroxyarsenobenzene, 163 
Tetraisopropylarsonium chloride, 93 

Tetraisopropylarsonium hydroxide, 93 

Tetraisopropylarsonium iodide, 93 

3,4,3 4’ -Tetramethoxyarsenobenzene, 162 

24,2'4 ’-Tetramethylarsenobenzene, 151 
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2.5,2’,5'-Tetramethylarsenobenzene, 152 ; 
2.7,2' 7’-Tetramethyl-5,5’-arseno-1 ,3,1’,3’-benzodiazole, 464 
Tetramethylarsonium bromide, 91 
Tetramethylarsonium chloride, 91 
Tetramethylarsonium hydroxide, 91 
Tetramethylarsonium iodide, 90, 92, 503 
Tetramethylarsonium triiodide, 91 
44’-Tetramethyldiaminoarsenobenzene, 159 

4 4'-Tetramethyldiaminoarsenonaphthalene, 159 
3,3’-Tetramethyldiamino-4,4’-dihydroxyarsenobenzene, 167 
3,3’-Tetramethyldiamino-4,4’-dimethoxyarsenobenzene, 168 
4 4'-Tetramethyldiamino-2,2’-dimethylarsenobenzene, 159 
4 4'-Tetramethyldiamino-3,3’-dimethylarsenobenzene, 159 
Tetramethyldiarsine, 63 

2.4.2’ 4’-Tetranitroarsenobenzene, 153 

3,5,3’ 5'-Tetranitro-4,4’-bismethylaminoarsenobenzene, 157 
3,5,3’,5’-Tetranitro-4,4’/-diaminoarsenobenzene, 155 
3.5,3’,5'-Tetranitro-4,4’-dihydroxyarsenobenzene, 164 
Tetra (3-nitropheny])diarsine, 218 
Tetra(3-nitrophenyl) diarsinetrisulfide, 217 
Tetraphenylarseniketobetaine, 443 
Tetraphenylarseniketobetaine hydrobromide, 443 
Tetraphenyldiarsine, 218 
Tetraphenyldiarsinedisulfide, 217 
Tetra-n-propylarsonium chloride, 93 
Tetra-n-propylarsonium hydroxide, 93 
Tetra-n-propylarsonium iodide, 93 
Thienyl-2-arsineoxide, 452 

Thienyl-2-arsonic acid, 468 
Thienyl]-2-dichloroarsine, 452 

Thiocacodylic acid, salts, 83 
4-Thiocarbamidophenylarsonic acid, 292 
m-Toluarsonic acid, 371 

p-Toluarsonic acid, 371 
4-Toluenesulfoneaminophenylarsonic acid, 291 
Toluidine, Cf. also Aminomethylphenyl- 

Tolyl, Cf. also Methylphenyl- 

p-Tolylarsepidine dichloride, 485 
Tri(3-acetylamino-4-methylphenyl) arsine, 232 
Tri(3-acetylaminopheny]) arsine, 232 
Tri(4-acetylaminopheny]) arsine, 232 

Tri( ?-acetylaminophenyl)arsine oxide, 420 
Tri(3-amino-4-methylphenyl)arsine, 231 
Tri(3-amino-4-methylpheny])arsine sulfide, 425 
Tri(3-aminopheny])arsine, 231 

Tri(4-aminopheny] )arsine, 231 

Tri(?-aminophenyl) arsine oxide, 419 
3,4,5-Triaminophenylarsonic acid, 324 
Trianiline-arsine hydrochloride, 490 
4-Triazophenylarsonic acid, 289 

Tri-p-benzarsenious acid, 233 

Tri-p-benzarsonic acid, 422 
Tri(3-benzylamino-4-methylpheny])arsine, 232 
Tri(3-benzoylaminopheny])arsine, 232 
Tri(?-benzoylaminophenyl)arsine oxide, 420 
Tribenzylarsine, 

Tribenzylarsine dichloride, 408 

Tribenzylarsine diiodide, 408 

Tribenzylarsine hydroxybromide, 408 
Tribenzylarsine hydroxychloride, 408 
Tribenzylarsine hydroxyiodide, 408 

Tribenzylarsine hydroxynitrate, 408 
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Tribenzylarsine oxide, 416 

Tribenzylarsine suuide, 424 
Tribenzylethylarsonium iodide, 448 
Tribenzylisoamylarsonium iodide, 449 
Tribenzylisopropylarsonium iodide, 449 
Tribenzylmethylarsonium chloride, 448 
Tribenzylmethylarsonium hydroxide, 447 
Tribenzylmethylarsonium iodide, 447 
Tribenzyl-n-propylarsonium iodide, 449 
Tricamphorylarsine dihydroxide, 418 
Tri(4-carboxypheny])arsine, 233 
Tri(4-carboxyphenyl)arsine dihydroxide, 422 

Tri( ?-chloro-3-nitro-4-methylphenyl)arsine dichloride, 410 
Tri( ?-chloro-3-nitropheny]) arsine, 230 
Tri(?-chloro-3 nitrophenyl) arsine dibromide, 410 
Tri(?-chloro-3-nitrophenyl)arsine dichloride, 410 
Tri(?-chloro 3-nitrophenyl)arsine oxide, 419 
Tri(B-chloroviny])arsine, 68 

Tri(B-chlorovinyl) arsine bromide, 85 
Tri(6-chlorovinv]) arsine oxide, 87 
Tri(3-dimethylamino-4-methylphenyl)methylarsonium iodide, 445 
Tri(4-dimethylaminopheny])arsine, 232 
Tri(4-dimethylaminophenyl)arsine dihydroxide, 420 
Tri(4-dimethylaminopheny]l) arsine oxide, 420 
Tri(4-dimethvlaminophenyl)arsine sulfide, 426 
Tri(2.4-dimethylpheny]) arsine, 228 
Tri(2,5-dimethylphenyl) arsine, 229 
Tri(2.5-dimethylphenyl)arsine dichloride, 409 
Tri(2.4 dimethylpheny])arsine dihydroxide, 416 
Tri(2.4-dimethylphenyl) arsine oxide, 416 
Tri(2.4-dimethylphenyl)arsine sulfide, 425 
Tri(2.4-dimethylphenyl) methylarsonium chloride, 448 
Tri(2.5-dimethylphenyl)methylarsonium hydroxide, 448 
Tri(2.4-dimethylphenyl)methylarsonium iodide, 448 
Tri(2,5-dimethylphenyl) methylarsonium iodide, 448 
Tri(4-ethoxypheny]l) arsine, 233 

Tri(ethylamine) dithioarsenate, 490 
Triethylarsenibenzobetaine, 433 
Triethylarsenibenzobetaine hydrochloride, 433 
Triethylarsine, 66 

Triethylarsine cyanobromide, 85 

Triethylarsine dibromide, 84 

Triethylarsine dichloride, 84 

Triethylarsine diiodide, 85 

Triethylarsine hydroxybromide, 85 

Triethylarsine oxide, 87 

Triethylarsine sulfide, 87 
Triethyl-w-bromoethylarsonium bromide, 95 
Triethyl-w-bromoethylarsonium chloride, 95 
Triethyl-w-hydroxyethylarsonium bromide, 95 
Triethyl-w hydroxyethylarsonium chloride, 95 
Triethyl-w-hydroxyethylarsonium diiodosalicylate, 95 
Triethyl-w-hydroxyethylarsonium hydroxide, 95 
Triethyl-w-hydroxyethylarsonium triborate, 95 
Tri(4-ethylphenyl) arsine, 227 
Tri(4-ethylphenyl)arsine dibromide, 408 
Tri(4-ethylphenyl) arsine dichloride, 408 
Tri(4-ethylphenyl)arsine dihydroxide, 416 
Tri(4-ethylpheny])arsine sulfide, 425 
Tri(4-ethylphenyl)methylarsonium iodide, 448 
Triethylvinylarsonium chloride, 95 
Triethylvinylarsonium hydroxide, 95 
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2.4.6-Trihydroxyazobenzene-6'-hydroxy-3’-arsoni¢ acid, 265 
Tri(4-isopropylpheny] arsine, 229 
Tri(4-isopropylphenyl) arsine dibromide, 409 
Tri(4-isopropylphenyl)arsine dichloride, 409 
Tri(4-isopropylphenyl) arsine hydroxynitrate, 417 
Tri(4-isopropylpheny]) arsine oxide, 417 

Tri(4 isopropylpheny])arsine sulfide, 425 
Tri(4-isopropylphenyl)ethylarsonium iodide, 449 
Tri(4-isopropylphenyl) methylarsonium iodide, 449 
Tri(4-methoxypheny]) arsine, 233 
Trimethylallylarsonium iodide, 94 

Tri(methylamine) dithioarsenate, 490 
3-Trimethylammonium-4-hydroxyphenylarsonie acid, 362 
Trimethylarsenibenzobetaine, 431 
Trimethylarsenibenzobetaine hydrochloride, 431 
Trimethylarsine, 66 

Trimethylarsine dibromide, 84 

Trimethylarsine’ ditodide, 84 

Trimethylarsine oxide, 86 

Trimethylarsine selenide, 87 

Trimethylarsine sulfide, 87 

Trimethylarsine tetrabromide, 84 
Trimethyl-@-bromoethylarsonium bromide, 94 
Trimethylethylarsonium iodide, 94 
Trimethyl-w-hydroxyethylarsonium bromide, 94 
Trimethyl-w-hydroxyethylarsonium chloride, 94 
Trimethyl-w-hydroxyethylarsonium dilodosalicylate, 94 
Trimethyl-w-hydroxyethylarsonium hydroxide, 94 
Trimethyl-w-hydroxyethylarsonium iodide, 94 
Trimethyl-w-hydroxyethylarsonium picrate, 94 
Trimethyl-w-hydroxyethylarsonium sulfate, 94 
Tri(4-methylpheny!)acetonylarsonium bromide, 446 
Tri(4-methylpheny])acetonylarsonium chloride, 445 
Tri(4-methylphenyl)acetonylarsonium iodide, 446 
Tri(4-methylpheny])allylarsonium bromide, 450 
Tri(4-methylphenyl])allylarsonium chloride, 450 
Tri(4-methylphenyl)allylarsonium iodide, 450 
Tri(2-methylpheny]) arsine, 227 
Tri(3-methylphenyl) arsine, 227 

Tri(4-methylphenyl) arsine, 227 
Tri(4-methylphenyl) arsine dibromide, 408 
Tri(4-methylphenyl) arsine dichloride, 408 
Tri(4-methylphenyl)arsine dihydroxide, 416 
Tri(4-methylphenyl)arsine diiodide, 408 
Tri(3-methylphenyl)arsine hydroxybromide, 407 
Tri(3-methylpheny])arsine hydroxychloride, 407 
Tri(4-methylphenyl) arsine hydroxychloride, 408 
Tri(3-methylphenyl])arsine oxide, 415 
Tri(38-methylpheny!)arsine sulfide, 424 
Tri(4-methylphenyl)arsine sulfide, 424 
Tri(4-methylpheny])arsine tetraiodide, 408 
2.4,5-Trimethylphenylarsonic acid, 244 
Tri(3-methylphenyl)benzylarsonium chloride, 450 
Tri(4-methylphenyl)carboxymethylarsonium chloride, 445 
Tri(4-methylpheny1])-f,y-dibromopropylarsonium bromide, 450 
2,4,5-Trimethylphenyldichloroarsine, 118 
Tri(3-methylphenyl)ethylarsonium iodide, 444 
Tri(4-methylphenyl)ethylarsonium iodide, 446 
Tri(4-methylpheny])iodomethylarsonium iodide, 445 
Tri(3-methylphenyl)isopropylarsonium iodide, 449 
Tri(3-methylphenyl) methylarsonium chloride, 444 
Tri(4-methylphenyl)methylarsonium dichloroiodide, 445 
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Tri(2-methylphenyl) methylarsonium iodide, 444 
Tri(3-methylphenyl) methylarsonium iodide, 444 
Tri(4-methylphenyl) methylarsonium iodide, 445 
Tri(4-methylphenyl) phenacylarsonium bromide, 446 
Tri(4-methylphenyl) phenacylarsonium chloride, 446 
Tri(4-methylpheny!) phenacylarsonium iodide, 446 
Tri(3-methylpheny])-n-propylarsonium iodide, 449 
Tri-a-naphthylarsine, 229 

Tri-B-naphthylarsine, 230 

Tri-a-naphthylarsine dibromide, 410 
Tri-B-naphthylarsine dibromide, 410 
Tri(-o-naphthyl)arsine dihydroxide, 417 
Tri-a-naphthylarsine hydroxybromide, 410 
Tri-a-naphthylarsine oxide, 417 
Tri-B-naphthylarsine oxide, 417 
Tri-o-naphthylarsine sulfide, 425 
Tri-B-naphthylarsine sulfide, 425 
Tri-a-naphthylarsine tetrabromide, 410 
Tri-o-naphthylarsine tetrachloride, 410 
Tri(3-nitro-4-ethylphenyl) arsine oxide, 419 
Tri(3-nitro-4-isopropylphenyl) arsine oxide, 419 
Tri(3-nitro-4-methylpheny]) arsine, 230 
Tri(3-nitro-4-methylphenyl)arsine nitrate, 419 
Tri(3-nitro-4-methylphenyl)arsine oxide, 418 
Tri(3-nitrophenyl)arsine, 230 
Tri(3-nitrophenyl)arsine dibromide, 410 
Tri(3-nitrophenyl) arsine oxide, 418 
Tri(4-nitrophenyl)arsine oxide or dihydroxide, 418 
Trinitro-phenyldi(2,4-dimethylphenyl)arsine oxide, 419 
Trinitrophenyldi(2,4,5-trimethylphenyl) arsine oxide, 419 
Tri(3-nitrophenyl)methylarsonium nitrate, 441 
Triphenarsazineamine, 453 

Triphenarsazine chloride, 453 
Triphenacetonylarsonium bromide, 443 
Triphenacetonylarsonium chloride, 442 
Triphenacetonylarsonium iodide, 443 
Triphenylarsenibetaine, 442 
Triphenylarsenibetaine hydrochloride, 442 
Triphenylarsine, 225 

Triphenylarsine cyanobromide, 413 
Triphenylarsine dibromide, 406 

Triphenylarsine dibromodiiodide, 406 
Triphenylarsine dichloride, 406 

Triphenylarsine dihydroxide, 415 

Triphenylarsine duodide, 406 

Triphenylarsine hydroxybromide, 407 
Triphenylarsine hydroxychloride, 407 
Triphenylarsine hydroxychromate, 407 
Triphenylarsine hydroxynitrate, 415 
Triphenylarsine hydroxypicrate, 407 
Triphenylarsine nitrate, 415 

Triphenylarsine oxide, 415 

Triphenylarsine sulfide, 424 

Triphenylarsine tetraiodide, 406 
Triphenylarsinocholine chloride, 442 
Triphenylcarboxymethylarsonium chloride, 442 
Triphenylcarboxymethylarsonium hydroxide, 442 
Triphenylethylarsonium chloride, 444 
Triphenylethylarsonium iodide, 444 
Triphenylchloromethylarsonium dichloroiodide, 441 
Triphenyl-B-hydroxyethylarsonium chloride, 442 
Triphenylhydroxymethylarsonium chloride, 441 
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Triphenylhydroxymethylarsonium hydroxide, 441 
‘Tmphenylhydroxymethylarsonium iodide, 442 
‘Triphenyliodomethylarsonium chloride, 441 
‘Lnphenyliodomethylarsonium iodide, 441 
‘Lriphenylmethylarseniketobetaine, 443 
'l’nphenyimethylarseniketobetaine hydrochloride, 442 
‘Lriphenylmethylarsonium bicarbonate, 440 
‘lriphenylmethylarsonium bromide, 440 
‘Lriphenylmethylarsonium chloride, 440 
‘Yriphenylmethylarsonium dichloroiodide, 439 
‘Lriphenyimethylarsonium hydroxide, 440 
‘Lriphenyimethylarsonium iodide, 439 
‘Triphenyimethylarsonium nitrate, 441 
‘Vriphenylmethylarsonium truodide, 440 
‘)riphenylphenacylarsonium bromide, 443 
‘Lriphenyiphenacylarsonium chloride, 443 
‘Lrmphenylphenacylarsonium iodide, 443 
‘Lrnphenyiphenacylarsonium nitrate, 443 
‘Lri(4-phenylphenyl) arsine, 230 
‘Lri(4-phenyiphenyl!)arsine dibromide, 410 
‘Lri(4-phenyiphenyl!)arsine dichloride, 410 
‘Lri(4-phenyipheny!) arsine hydroxybromide, 410 
‘L'ri(4-phenyipheny1)arsine hydroxychloride, 410 
‘L'ri(4-phenyiphenyl)arsine oxide, 417 
‘ri (4-phenyiphenyl)arsine sulfide, 425 
‘Lri(4-phenyipheny!)methylarsonium chloride, 449 
‘Lr1(4-phenylphenyl) methylarsonium iodide, 449 
‘Lr1-n-propylarsine, 67 
Tri-n-propylarsine oxide, 87 
‘Lnpyrocatecholarsenic acid, 490 
Tris(3-amimo-4-hydroxyphenylarseno)dibismuth trihydrochloride, 179 
‘rr(¢-sultopheny1)arsine oxide, 420 
‘Lri(tertiary-butylpheny])arsine, 229 
Tri (tertiary-butylpheny!)arsine dichloride, 409 
‘Tri(tertiary-butylpheny!)arsine hydroxychlonide, 409 
‘lri(tertiary-butyiphenyl!)arsine oxide, 417 
‘Lri(tertiary-butylphenyl)methylarsonium hydroxide, 449 
‘Lri(tertiary-butyipheny!) methylarsonium iodide, 449 
‘imthienylarsine, 467 
Tni-p-tolylarsenibetaine, 445 
Tri-p-tolylarsenmibetaime hydrochloride, 445 
‘Lri-p-tolylmethylarseniketobetaine, 446 
Tri-p-tolylmethylarseniketobetaine hydrochloride, 445 
‘Tn-p-tolylphenylarseniketobetaine, 446 
Tr-p-tolyiphenylarseniketobetaine hydrochloride, 446 
‘Tn(2,4,5-trimethylphenyl)arsine, 229 
Tri(2,4,6-trimethylpheny|) arsine, 229 
Tri(2,4,5-trimethylpheny!)arsine dibromide, 409 
Tri(2,4,6-trimethylphenyl)arsine dibromide, 409 
Tr(2,4,5-trimethylpheny!)arsine dihydroxide, 417 
Tri(2,4,5-trimethylpheny]l) arsine hydroxybromide, 409 
Tri(2,4,6-trimethylphenyl) arsine hydroxychloride, 409 
Tri(2,4,5-trimethylphenyl)arsine oxide, 417 
Tri(2,4,6-trimethylphenyl) arsine oxide, 417 
Tri(2,4,6-trimethylphenyl) methylarsonium chloride, 449 
Tri(2,4,6-trimethylphenyl)methylarsonium iodide, 449 
“Tryparsamide,” 299, 512 

U 
4'-Uramino-phenoxyacety]-p-arsanilic acid, 298 
p-Uraminophenylglycyl-p-arsanilic acid, 295 
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